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FOREWORD 


THE  Buffalo  Forge  Company  has  always 
taken  the  stand  that  engineering  data 
and  developments  should  not  be 
hoarded  as  hidden  treasures  but  should 
be  made  available  for  the  use  and  edification 
of  the  engineering  profession  in  general. 

In  this  volume  we  have  laid  stress  on  the 
principles  underlying  all  the  various  steps  in 
the  determination  of  suitable  apparatus  to 
meet  all  conditions  of  heating,  ventilating 
and  humidifying.  These  principles  have  been 
proven  by  actual  practice  and  are  the  ones 
used  by  our  own  engineers  in  the  solution  of 
problems  of  a similar  nature. 

To  the  host  of  friends  who  gave  our  pre- 
vious Catalogs  Nos  197  and  198  on  Heating 
and  Ventilating  such  a hearty  reception  we 
respectfully  dedicate  this  volume. 

Renew  our  acquaintance  by  letting  our 
engineers  help  you  with  any  problems  you 
may  have  in  Heating, Ventilating  and  Humid- 
ifying. 

BUFFALO  FORGE  COMPANY 


Fan  System  of  Heating,  Ventilating  and  Humidifying 


H 


• • 


THE  BUFFALO  FAN  SYSTEM 
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Heating, Ventilating  and  Humidifying 


PART  ONE 


Public  Buildings 

IT  has  been  within  the  last  decade  that  the  heating  and  ventilating  art  has  come 
into  its  own.  Many  articles  had  been  written  on  the  subject  and  its  impor- 
■ tance  insisted  upon  in  theory,  but  unfortunately  theory  and  practice  had 
taken  diverging  paths.  Through  the  earnest  endeavors  of  the  leading  engineers, 
architects  and  physicians  practice  has  now  been  made  to  accord  with  theory. 

The  following  pages  will  serve  not  only  to  emphasize  the  importance  of 
proper  heating  and  ventilating  but  will  describe  such  methods  and  apparatus  as  our 
engineers  have  used  with  great  success  in  its  attainment. 

Years  ago  when  our  methods  of  living  and  working  followed  the  natural  lines 
and  modes,  usually  those  of  least  resistance,  no  need  for  ventilation  other  than  by 
natural  means  was  required.  As  our  methods  have  become  more  artificial  it  has 
been  found  necessary  to  introduce  artificial  means  to  provide  not  only  ventilation, 
but  heating  as  well. 

The  progress  of  heating  can  be  followed  step  by  step  from  the  rude  lire  of  twigs 
down  through  the  open  fire  place,  the  wood  stove,  and  finally  to  the  present  day 
heating  with  steam,  hot  water  and  hot  air.  The  development  of  methods  of  ven- 
tilation has  been  somewhat  slower.  The  day  when  the  opening  of  a window  was 
ample  ventilation  has  long  since  passed,  and  today  we  have  grown  accustomed  to 
artificial  means,  such  as  fans,  to  supply  positive  ventilation. 

Natural  vs.  Mechanical  Ventilation 


However  there  are  very  often  times  when  some  city  official  will  fly  up  in  arms 
and  declare  that  the  old  style  ventilation,  that  of  the  open  window,  is  by  far  the 
best.  It  might  be  well  at  this  point  to  give  briefly  the  results  obtained  in  a recent 
test.  Taking  a modern  school,  one  half  was  ventilated  by  purely  natural  means, 
whereas  the  other  half  depended  upon  mechanical  ventilation.  Classes  were  con- 
ducted in  the  rooms  under  these  conditions  and  observations  taken  at  frequent 
regular  intervals. 

It  was  intended  that  these  tests  should  cover  the  greater  portion  of  one  school 
year  in  order  that'all  weather  conditions  might  be  experienced.  The  attitude  of 
the  teachers  and  pupils  toward  these  tests  was  most  favorable  at  the  start  and  in 


~~  • Fan  System  of  Heating,  Ventilating  and  Humidifying  - 

many  instances  certain  teachers  and  pupils  made  their  own  choice  as  to  whether 
they  should  be  in  naturally  or  mechanically  ventilated  rooms.  Before  the  end  of 
two  months  it  was  found  necessary  to  discontinue  the  tests,  this  being  due  to  the 
fact  that  teachers  and  pupils  could  not  work  to  advantage  in  the’naturally  venti- 
lated rooms  and  such  stern  objection  developed  that  the  tests  could  not  be  con- 
tinued. The  chief  objections  to  natural  ventilation  were  summed  up  by  the  impar- 
tial observers  as  follows: 

1.  "It  was  found  impossible  to  keep  the  temperature  and  air  motion  con- 
ditions in  the  naturally  ventilated  rooms  within  the  bounds  of  comfort. 

2.  The  absence,  l>ccause  of  illness  of  both  pupils  and  teachers,  in  naturally 
ventilated  rooms  increased  to  an  alarming  extent. 

3.  The  air  in  the  naturally  ventilated  rooms  was  for  the  most  part  stag- 
nant and  heavy  which  caused  depression  and  headaches.” 

Although  these  tests  are  not  conclusive  due  to  the  short  time  over  which  they 
extended  it  is  very  plain  to  see  that  no  logical  arguments  can  be  advanced  for  any 
comparison  of  natural  with  mechanical  ventilation. 

The  more  crowded  a building  is,  the  more  complex  becomes  the  problem  of 
ventilation,  for  the  exit  and  entrance  of  air  must  be  complete  and  uniform  through- 
out and  at  the  same  time  all  objectionable  drafts  must  be  avoided.  With  mechan- 
ical ventilation  we  are  able  to  place  the  air  just  where  it  is  needed  and  in  just  the 
right  quantities  and  to  remove  all  foul  air  as  fast  as  it  becomes  objectionable. 

Let  us  now  consider  what  constitutes  good  ventilation  and  how  it  may  best 
be  attained. 


Ventilation 

In  the  human  body,  as  well  as  in  other  animal  organisms,  life  is  sustained  by 
a process  of  combustion  in  which  the  oxygen  of  the  air  is  combined  with  the  hydro- 
gen and  carbon  of  the  food  and  carbon  dioxide  is  formed  as  a result  of  this  com- 
bustion. Therefore,  a continuous  supply  of  air  with  the  proper  amount  of  oxygen 
is  just  as  essential  to  the  sustaining  of  life  as  it  is  to  the  combustion  of  fuel  under 
a boiler.  We  cannot,  however,  solve  the  proper  amount  of  air  to  sustain  life  by 
any  chemical  formula,  inasmuch  as  the  44 Livable”  limit  is  reached  long  before 
the  chemical  limit. 

The  percentage  of  carbon  dioxide  in  the  air  is  a good  indication  of  its  state  ol 
purity  but  the  exceedingly  harmful  effects  of  impure  air  are  not  entirely  governed 
by  an  excess  of  carbon  dioxide.  Physicians  have  shown  that  the  poisonous  effect 
of  respired  air  is  due  almost  entirely  to  the  organic  matter  exhaled  from  the  lungs. 
The  following  table  gives  the  comparison  of  pure  air  and  respired  air. 


Oxygen 
Nitrogen 
Carbon  Dioxide 
Water  Vapor 


Taro  Air 

20.35% 

78.10 

0.03  to  0.04 
1.5  Variable 


It  cm  pi  red  Air 

16.2% 

75.4 

3.4 

5. 


The  respired  air  is  immediately  diffused  in  the  air  of/the  room  and  cannot  be 
directly  removed,  therefore  the  air  must  be  continually  diluted  till  it  ceases  to  be 
harmful.  There  is  no  definite  standard  of  purity  and  any  line  drawn  between  good 
and  poor  ventilation  is  purely  arbitrary.  Pure  air  contains  from  three  to  four 
parts  of  carbon  dioxide  in  10, 000.  With  an  increase  to  11  parts  in  10,000  the  air 
becomes  noticeably  opressive  whereas  an  increase  of  three  or  four  parts  to  a total 
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of  six  or  seven  parts  is  scarcely  noticeable.  Modern  practice  has  been  to  consider 
good  ventilation  to  exist  when  the  air  supply  is  so  maintained  that  the  total  quan- 
tity of  carbon  dioxide  does  not  exceed  more  than  six  to  eight  parts  in  10,000. 

It  is  estimated  'that  the  average  adult  at  rest  breaths  500  cu.  in.  of  air  per 
minute  and  exhales  17  cu.  in.  of  carbon  dioxide.  From  these  figures  we  can  deter- 
mine the  air  supply  necessary  to  maintain  any  standard  of  purity  according  to  the 
following  table. 


Cu.  ft.  of  air  to 

be  supplied  per  person 
of  purity  of  air 

for  various  standards 

irU  Carbon  Dioxide 

Cu.  Ft.  air  per  min. 

Per  cent,  of 

in  10.000 

per  Adult 

KtHpircd  Air 

5 

100 

0.29 

6 

50 

0.58 

7 

33.3 

0.87 

8 

25 

1.15 

9 

20 

1.45 

10 

16.7 

1.74 

11 

14.3 

2.03 

12 

12.5 

2.32 

There  are  certain  applications  where  more  than  the  normal  amount  of  air  is 
necessary  due  to  unusual  conditions.  The  following  table  gives  the  air  supply  per 
person  under  various  conditions. 


Specifications  of  usual  air  supplied  per  person 

Cm.  ft.  per  min. 


Hospitals  (Ordinary) 35  to  40 

Hospitals  (Epidemic) 80 

Workshops 25 

Prisons 30 

Theaters 20  to  30 

Meeting  Halls 20 

Schools  (per  child) 30 

Schools  (per  adult) 40 


Dr.  E.  Vernon  Hill  has  devised  a very  good  method  for  determining  the 
effectiveness  or  efficiency  of  ventilation. 

This  is  done  by  using  the  Synthetic  Air  Chart  shown  on  page  8 and  we  will 
quote  Dr.  Hill’s  explanation  of  its  use. 


The  Synthetic  Air  Chart 


" This  chart  is  designed  as  a convenient  method  of  recording  data  and 
arriving  at  a final  percentage  of  perfect  ventilation.  It  serves  as  a 
standard,  or  measuring  “stick”  as  it  were,  for  determining  the  efficiency  of 
a ventilating  equipment,  and  eliminates  personal  opinion  and  guess  work, 
flic  chart  includes  all  of  the  known  factors  that  influence  the  ventilation  of 
a room.  They  are  as  follows:  Temperature  and  humidity,  which  are 
recorded  as  the  wet  bulb  difference:  dust,  bacteria,  odors;  air  supply  and 
distribution  as  measured  by  the  CO-2  content.  These  factors,  furthermore, 
are  each  given  their  appropriate  weight  or  value  as  a part  of  the  whole.  If 
all  the  factors  are  ideal  the  percentage  as  shown  by  the  chart  will  be  100.  1 1 
all  or  any  one  of  the  factors  represent  conditions  that  are  not  ideal  the  final 
percentage  will  be  reduced  in  a corresponding  amount. 

\ After  the  results  of  a test  are  plotted  on  the  chart  we  can  see  at  a glance 
the  final  percentage  of  perfect,  and  if  the  results  are  not  what  they  should  Ik- 


Pate  S 


— ■ =—  Fan  System  of  Heating,  Ventilating  and  Himidifying  — i 

the  factors  that  reduce  the  final  percentage  are  at  once  determined.  The 
longer  the  test  line  in  any  column  the  less  favorable  are  the  conditions  rep- 
resented. When  the  test  line  disappears  conditions  are  perfect. 

Undereach  factor  there  are  three  columns,  a plus  percentage  column : the 
factor  column' proper,  and  t lie-minus  percentage  column.  The  factor  column 
proper  is  divided  into  appropriate  units  of  measurement,  as  degrees  for  tem- 
perature, particles  per  cubic  foot  for  dust,  colonics  for  bacteria  counts,  etc. 

The  plus  percentage  is  the  percentage  of  perfect  for  the  specific  factor 
in  the  column;  for  example,  in  the  chart  shown  in  the  illustration  the  dust 
count  is  5,000  particles  per  cubic  foot.  This  gives  a plus  percentage  of  98, 
meaning  that  so  far  as  dust  is  concerned  the  air  is  98%  free. 

Reading  the  minus  dust  column  we  find  the  percentage  as  a part  of  the 
whole  chart  is  only  one-half  of  one  per  cent.  This  one-half  of  one  per  cent., 
together  with  the  other  minus  percentages  from  the  various  columns,  is 
deducted  from  100  in  arriving  at  the  final  percentage  for  the  entire  test. 

The  curves  at  the  bottom  of  the  chart  headed  ‘Temperature,  Humid- 
ity and  Air  Motion  ’ are  for  determining  the  wet  bulb  difference.  To  do  this 
proceed  as  follows: 

Mark  a point  on  the  curve  indicating  the  wet  bulb  temperature  deter- 
mined by  test.  This  point  should  be  located  at  the  intersection  of  the  wet 
and  dry  bulb  lines.  This  is  done  as  a matter  of  convenience,  as  the  point  will 
then  give  the  wet  bulb,  the  dry  bulb  and  relative  humidity. 

Next  mark  by  a point  on  the  line  denoting  the  physical  state  of  the 
occupants,  the  air  motion  from  the  test.  This  point  will  be  at  the  inter- 
section of  the  appropriate  physical  state  curve  designated  by  ‘At  Rest.’ 

‘Light  Work,’  ‘ Moderate  Work’  and  ‘Hard  Work’  with  the  vertical  line  of 
air  motion.  The  vertical  distance  between  the  two  points  is  the  wet  bulb 
difference,  that  is.  it  is  the  variation  in  degrees  between  what  the  wet  bulb 
should  be  and  what  it  actually  was  by  test.  This  wet  bulb  difference  is 
plotted  in  the  first  column  of  the  chart. 

The  distribution  factor  is  the  percentage  of  distribution  in  the  room.  It 
is  determined  by  an  analysis  of  the  air  samples  at  various  points  for  COo  and 
the  average  of  all  samples  taken  is  the  average  distribution  for  the  room. 

The  percentage  of  distribution  is  the  percentage  of  variation  of  the 
different  samples  from  the  average. 

The  reverse  side  of  the  chart,  illustration  No.  2,  is  arranged  for 
recording  test  data.” 

HEATING 

Closely  associated  with  the  problem  of  proper  ventilation  is  that  of  sat- 
isfactory heating,  in  fact  it  is  very  hard  to  draw  the  line  of  separation  between  the 
two  problems. 

Room  Temperature 

The  physical  principles  involved  in  heating  buildings  are  more  complex  than 
usually  supposed,  and  exhibit  an  admirable  nicety  in  the  balancing  of  forces. 

I he  first  factor  to  be  considered  is  the  heat  generated  by  the  human  lxxly  and 
the  methods  for  its  disposal.  These  are  important  conditions  which  determine  the 
most  desirable  room  temperatures  and  in  densely  peopled  buildings,  largely 
determine  the  result  of  vital  processes  dependent  in  part  upon  the  activity  of  the 
individual.  I his  amount  of  heat  extends  over  considerable  limits  as  shown  by 
the  following  table. 
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Child  six  years  old '.240  B.  T.  U.  per  hour. 

Adult  at  rest 380 

Adult  at  work 500 

Man  30  years  old  in  an  atmosphere  with  a temper- 
ature of  68°  F 400 

The  same  in  a atmosphere  of  31°  F 600  “ “ • “ 

Woman  32  years  old 480 

Adult  in  old  age ( 360 

We  have  found  that  a good  average  value  for  the  amount  of  heat  in  B.  t.  u.’s 
Riven  off  per  person  per  hour  in  an  atmosphere  of  70°F.  is  400  for  adults  and  200  for 
children,  these  figures  being  generally  used  when  the  heating  of  densely  peopled 
buildings  such  as  schools  and  auditoriums,  is  considered.  The  average  normal 
temperature  of  an  adult  in  health  is  98°  F.  and  since  heat  is  continually  being 
generated,  it  must  be  disposed  of  as  fast  as  generated.  This  disposal  may  be 
accomplished  in  three  ways  : 

First:  By  direct  transmission  or  radiation  to  the  surrounding  air. 

Second:  By  the  absorption  of  heat  in  the  eva|x>ration  of  perspiration. 

Third:  By  the  evaporation  of  moisture  through  the  lungs. 

Radiation  depends  upon  the  difference  in  temperature  between  the  body  and 
the  surrounding  air,  but  it  is  also  affected  by  the  amount  of  clothing  and  the 
humidity  of  the  air.  It  is  evident  that  the  temperature  of  the  room  should  not  be 
so  low  that  the  body  will  radiate  more  heat  than  produced  under  normal  conditions. 
In  fact,  from  a hygienic  standpoint,  less  heat  should  be  absorbed  than  is  gener- 
ated, thus  allowing  part  of  the  heat  to  lx*  absorbed  by  perspiration.  The 
following  room  temperatures  have  been  found  to  give  the  best  results. 

Public  buildings 68  to  72°  F. 

Machine  shops 60  to  65°  F. 

Foundries,  boiler  shops  and  all  places  where  physical  labor  is  done . . 50  to  65°  F. 

Heat  Losses 

In  order  to  maintain  a fixed  temperature  within  a building,  it  is  necessary  to 
supply  heat  in  sufficient  quantities  to  compensate  for  the  heat  loss  through  the 
walls  and  roof  of  the  building,  and  also  to  heat  up  the  outside  air  brought  in 
for  ventilation.  The  subject  of  heat  transmission  in  buildings  has  been  thoroughly 
investigated  so  that  the  laws  governing  it  and  the  factors  for  heat  transmission  of 
various  building  materials  and  building  constructions  arc  now  quite  accurately 
known.  It  has  been  found  that  the  loss  of  heat  by  transmission  is  proportional 
to  the  difference  of  the  temperature  on  the  two  sides  of  the  material.  The  table 
on  jiage  109  shows  the  accepted  factors  of  heat  transmission. 

Humidity 

The  amount  of  moisture  that  a given  quantity  of  air  can  hold  increases  very 
rapidly  with  the  temperature.  The  amount  per  cubic  foot  of  air  is  the  measure  of 
its  humidity  and  this  humidity  has  a great  bearing  upon  livable  conditions  in 
schools  and  public  buildings.  It  may  be  to  advantage  to  explain  at  this  point 
how  the  relative  humidity  of  air  may  be  determined.  If  a thermometer  bulb  is 
covered  with  a damp  cloth  a drop  in  apparent  temperature  of  the  surrounding  air 
will  ordinarily  result.  This  temperature  is  called  the  sensible  or  wet  bulb  tem- 
perature. The  less  the  humidity  the  greater  the  difference  between  the  actual 
and  the  sensible  temperatures,  while  at  100%  saturation  they  are  the  same. 
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To  determine  the  wet  bulb  and  dry  bulb  temperature  a sling  t 
psychrometer  is  used.  This  is  clearly  shown  in  the  cut  and  con- 
sists  of  two  thermometers,  one  having  the  bulb  covered  with  a 
thin  gauze.  In  taking  the  readings  the  gauze  is  moistened  and  ft  f ■ 
the  psychrometer  is  then  rapidly  whirled  around  until  the  mercury 
readings  in  the  two  thermometers  stay  constant.  It  is  essential 
that  the  instrument  be  moved  rapidly  or  held  in  a current  of  air 
for  an  air  movement  across  tin-  wet  bulb  is  necessary  to  obtain  a 
true  reading. 

From  the  hygienic  standpoint  it  is  evident  that  the  means 
for  regulating  the  humidity  is  just  as  important  as  the  problem 
of  proper  ventilation  and  proper  heating  in  every  school  and  public 
building.  j i 

Psychrometric  Charts  ^ 

The  relation  between  the  temperature  as  measured  by  the  u 
wet  and  dry  bulb  of  air  and  the  moisture  content  is  clearly  shown  ; 'J 
in  the  psychrometric  chart  on  page  13.  It  will  lx*  seen  that  a cu.  ft.  I 
of  air  at  70°  will  hold  eight  grains  of  moisture  while  at  32°  it  will 
hold  only  two  grains  and  at  zero  only  five-tenths  of  a grain.  The  normal  limits  of 
humidity  vary  from  50%  to  75%  of  saturation.  It  has  been  found  that  when 
the  humidity  goes  above  or  below  these  points  the  condition  becomes  very  uncom- 
fortable and  in  fact  injurious  to  health.  Hence,  it  will  be  seen  that  air  at  70° 
should  contain  from  four  to  five  and  one-half  grains  of  moisture  per  cu.  ft.  to  be  in  the 
best  condition  for  ventilating  purposes.  In  the  ordinary  methods  of  heating  with  the 
air  temperature  32°  outside,  the  humidity  of  this  air  when  heated  to  70°  without  the 
addition  of  any  moisture  would  be  only  15.5%  which  is  far  less  than  the  humidity 
of  the  driest  climate  known.  It  is  this  extreme  dryness  of  the  air  in  a heated  room 
which  produces  the  commonly  noticed  discomforts,  such  as  extreme  thirst,  a 
parched  feeling  in  the  nose  and  throat,  lassitude  and  headache.  This  extreme  dry- 
ness has  been  a contributing  source  to  many  throat  and  pulmonary  diseases. 

The  Psychrometric  Charts  on  pages  16A  and  16B  are  taken  from  the  catalogue 
of  the  Carrier  Air  Conditioning  Company  of  America,  one  of  our  associates  in 
business.  1 hese  two  charts  should  be  used  when  calculations  are  made  in  terms  of 
pounds  of  air,  while  the  chart  on  page  13  should  be  used  when  the  pound  cubic 
foot  is  a unit.  For  most  purposes  of  calculations  it  will  be  found  preferable  to  use 
the  pound  as  a unit. 

The  various  curves  shown  on  these  charts  will  lx*  found  especially  valuable  in 
making  air  calculations.  The  grains  of  moisture  per  pound  of  dry  air  are  read  by 
passing  directly  from  the  dew-point,  or  intersection  of  the  wet-  and  dry-bulb  tem- 
peratures, to  the  scale  on  the  left  edge  of  the  chart.  The  B.  t.  u.  required  to  raise* 
one  pound  of  dry  air  one  degree  when  saturated  with  moisture,  as  also  the  vapor 
pressure,  may  be  determined  by  passing  vertically  from  the  dew-point  to  the  proper 
curve,  and  then  to  the  corresponding  scale  on  the  left  edge  of  the  chart.  The  total 
heat,  in  B.  t.  u.,  above  zero  degrees  contained  in  one  pound  of  dry  air  saturated 
with  moisture  may  be  found  by  passing  vertically  from  the  wet-bulb  temperature  to 
the  total  heat  curve  and  then  to  the  left  edge  of  the  chart.  The  volume  of  air  in 
cubic  leet  per  pound  may  be  found  by  passing  vertically  from  the  dry-bull) 
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temperature  to  either  of  the  two  volume  curves  and  then  to  the  left  edge  of  the 
chart.  One  curve  gives  the  volume  of  dry  and  the  other  of  saturated  air. 

Example.  As  an  example  of  the  use  of  this  chart  we  will  assume  air  at  75° 
dry-bull)  temperature  and  60  per  cent,  relative  humidity.  From  the  chart  we  find 
that  the  wet-bulb  temperature  will  lx-  65.25°,  the  dew-point  60°,  the  grains  of 
moisture  per  pound  of  dry  air  77 ; the  heat  required  to  raise  one  pound  of  dry  air 
saturated  at  60°  through  one  degree  is  0.24664  B.  t.  u.;  and  the  vapor  pressure 
of  air  saturated  at  60°  is  0.523  inches  of  mercury.  Passing  vertically  from  the  wet 
bulb  temperature  of  65.25°  to  the  total  heat  curve  and  thence  to  the  scale  on  the 
left,  we  find  the  total  heat  above  zero  in  one  pound  of  dry  air  when  saturated  at 
65.25°  to  be  29.75  B.  t.  u.  This,  then,  is  also  the  measure  of  the  heat  in  a pound  of 
air  at  75°  and  60  jx*r cent,  relative  humidity,  since  the  wet-bulb  temperature  is  the 
same. 

The  cubic  feet  per  pound  of  air  may  be  found  by  passing  vertically  from  the 
dry-bull)  tenqxTature  to  either  of  the  two  volume  curves,  depending  on  whether 
the  volume  of  dry  or  of  saturated  air  is  desired.  To  determine  the  volume  of  one 
pound  of  partly  saturated  air  as  here  assumed,  we  will  have  from  the  chart. 

Cu.  ft.  per  lb.  at  75°  sat.  = 13.88 
Cu.  ft.  per  II).  at  75°  dry  = 13.48 

.40=  Moisture 

.60=  Rel.  Humidity 

.24 

13.48 

Cu.  ft.  per  lb.  at  75°  and  60%  = 13.72 

As  an  example  of  the  use  of  the  chart  on  page  13  we  will  assume  a case*  where 
the  dry-bulb  temperature  is  80°  and  the  wet-bulb  thermometer  reads  70°,  or  a 10° 
depression.  From  the  intersection  of  the  corresponding  lines  through  these  two 
temperatures  we  find  the  relative  humidity  to  be  62  per  cent.  Passing  horizontally 
to  the  left  from  this  point  of  intersection  to  the  wet-bulb  temperature  line  (called 
the  saturation  curve)  we  find  the  dew-point  temperature  to  be  64.5°.  If  the  tem- 
perature of  the  air  should  be  reduced  both  the  dry-  and  wet-bulb  readings  will  be 
lowered  until  they  both  read  64.5°,  when  the  air  will  be  saturated.  The  grains  of 
moisture  contained  in  each  cubic  foot  of  this  air  will  lx*  found  by  continuing  to  the 
left  on  the  horizontal  line  through  the  64.5°  dew-point  to  the  left  edge  of  the  chart, 
where  we  have  a reading  of  6.65  grains.  If  the  temperature  of  the  air  be  further 
reduced,  part  of  the  moisture  content  will  be  condensed,  the  dew-point  or  satur- 
ation temperature  will  be  lowered,  and  the  grains  of  moisture  per  cubic  foot  will 
be  correspondingly  less. 
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Methods  of  Heating,  Ventilating  and  Humidifying 

The  old  fashioned  fire  place  was  the  first  attempt  at  heating  and  ventilating. 
The  draft  produced  by  the  large  chimney  gave  ample  ventilation,  but  the  heat 
loss  along  with  this  ventilation  was  very  large  and  hence,  as  a heatiug  system,  the 
open  fire  place  was  most  uneconomical.  The  next  step,  the  old  stove,  afforded 
practically  no  ventilation,  although  its  economy  from  a heating  standpoint  was 
fairly  high.  The  modification  of  the  old  stove,  namely,  the  hot  air  furnace  afforded 
a certain  measure  of  ventilation  but  this  measure  was  far  t<x>  limited  and  unreli- 
able to  make  its  use  permissable  in  large  or  crowded  buildings.  A serious  objection 
to  the  hot  air  heater  is  the  liability  of  coal  gas  leaking  into  the  air.  The  hot  air 
furnace  is  the  chief  offender  in  heating  with  extreme  dry  conditions  of  air  as  de- 
scribed in  the  paragraph  on  humidity  on  page  11. 

The  next  step  is  marked  by  the  introduction  of  direct  radiation  with  steam  or 
hot  water  furnaces.  Owing  to  its  cheapness  this  method  has  been  extensively  intro- 
duced but  it  provides  for  no  ventilation  other  than  by  windows  and  doors,  and 
the  resulting  close,  stuffy,  heated  rooms  in  office  and  other  public  buildings  have 
doubtless  increased  materially  the  world's  death  rate. 

The  use  of  indirect  radiation  permits  a certain  amount  of  ventilation  and 
elaborate  systems  have  been  devised  on  this  basis.  Aspirating  shafts  for  removing 
foul  air  in  connection  with  indirect  systems  have  given  positive  results.  In  the 
latter  system  radiators  are  placed  in  the  ventilating  shafts  to  produce  a draft  by 
increasing  the  temperature  of  the  foul  air.  The  cost  of  ventilation  by  this  method 
is  expensive  and  the  use  of  aspiration  Hues  as  substitutes  for  fans  is  indefensible. 

The  Buffalo  Fan  System 

It  is  today  universally  acknowledged  that  the  fan  system  has  solved  the 
problem  of  the  successful  heating  and  ventilating  of  public  buildings.  In  recog- 
nition of  this  the  legislatures  of  practically  all  states  have  passed  statutory  laws, 
requiring  the  use  of  the  fan  system  of  ventilation  in  school  buildings.  The  question 
no  longer  is  “Shall  the  fan  system  be  used?”  but  “How  may  it  best  be  applied?” 

For  the  past  35  years  the  Buffalo  Forge  Company  has  been  engaged  in  design- 
ing heating  and  ventilating  systems  and  in  the  construction  of  such  equipment. 
This  company  has  its  systems  in  successful  operation  in  thousands  of  buildings  in 
this  country,  Kurope  and  Japan,  in  fact  in  all  parts  of  the  civilized  world.  The 
improvements  put  forth  by  this  company  have  brought  the  art  of  heating  and  ven- 
tilating to  a degree  of  perfection  not  previously  known.  One  of  the  most  important 
of  these  improvements  is  the  Carrier  Air  Washer  and  Humidifier,  which  removes  all 
impurities  from  the  air  and  imparts  to  it  the  proper  humidity. 


Public  Buildings 

There  are  two  arrangements  of  the  Buffalo  Fan  System  as  applied  to  public 
buildings. 

The  first,  in  which  the  fan  system  handles  both  the  heating  and  ventilating 
requirements  and  the  second,  sometimes  called  the  split  system,  in  which  the  heat- 
ing requirements  are  taken  care  of  by  direct  radiation  in  the  room  and  the  fan 
system  handles  the  air  required  for  ventilation  only. 

The  apparatus  used  in  the  two  applications  differs  only  in  the  amount  of 
heater  surface  required.  The  equipment  consists  of  a boiler  for  the  generation  of 
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steam,  a centrifugal  fan,  driven  by  an  engine  or  motor,  for  the  propulsion  of  air, 
an  air  washer  for  purifying  and  humidifying,  a steam  radiator  for  heating  and  a 
system  of  ducts  for  distributing  the  heated  air  and  for  removing  the  foul  air. 

The  boiler  may  be  of  any  customary  type  and  may  be  operated  at  any  pressure 
between  one-half  and  100  pounds  per  square  inch,  however,  a pressure  of  20  pounds  is 
most  desirable  when  a steam  engine  is  used  as  the  prime  mover  for  the  installation. 

The  fan  is  of  the  centrifugal  type  and  is  usually  constructed  as  an  exhauster,  i.e., 
with  only  one  inlet.  The  use  of  a steam  engine  as  the  prime  mover  allows  for  great 
economy  since  the  exhaust  steam  can  be  utilized  in  the  heater,  this  greatly  reducing 
the  cost  of  power  used.  The  Buffalo  heater  described  in  detail  on  pages  52  and  53 
consists  ol  vertical  coils  of  one  inch  full  weight  steel  pipe  screwed  in  cast  iron  mani- 
fold bases.  Steam  is  supplied  to  the  coils  on  one  side  of  the  manifold  and  exhausted 
from  the  other  side,  Ixjth  the  inlet  and  exhaust  connections  being  on  the  same  end 
of  the  base.  Separate  steam  and  exhaust  connections  are  provided  for  each  of  the 
several  sections  into  which  the  heater  unit  is  divided,  each  connection  being  supplied 
with  valves  allowing  as  many  or  as  few  heater  sections  to  be  in  operation  as  are 
needed. 


I he  fan  may  be  placed  so  that  the  fresh  air  is  either  forced  through  or  drawn 
through  tlu-  stacks  of  heater  coils.  In  public  buildings  it  is  the  general  practice  to 
separate  the  heater  into  two  parts,  one  part  known  as  the  tempering  coils,  con- 
taining from  six  to  ten  rows  of  pipe,  the  amount  being  just  enough  to  heat  the  incom- 
ing air  to  a temperature  of  from  60°  to  70°  before  it  reaches  the  washer  or  fan;  the 
other  |xirt  known  as  the  heater  proper  is  placed  at  the  fan  outlet.  The  size  of  the 
heater  is  governed  by  the  amount  of  air  to  Ik*  handled  and  the  temperature  required 
on  leaving  the  fan.  Between  the  tempering  coils  and  the  fan  is  placed  the  Carrier 
Air  Washer  and  Humidifier.  The  air,  after  lx*ing  tempered,  cleaned  and  humidified 
is  discharged  under  pressure  into  two  chambers  known  as  the  hot  and  tempered  air 
plenums,  respectively.  In  the  hot  air  plenum  chamber  are  placed  the  heater  coils, 
while  the  supply  to  the  tempered  air  plenum  is  carried  by  a by-pass  either  above 
or  underneath  the  heater.  In  the  split  system  no  by-pass  around  the  heater  is 
necessary.  After  leaving  the  heater  the  air  is  distributed  by  means  of  ducts 
leading  to  the  room  to  lx*  heated  and  ventilated. 


It  is  customary  to  place  the  outlet  registers  so  that  the  heated  air  enters  the 
room  about  eight  feet  above  the  floor,  this  height  being  sufficient  to  prevent  drafts 
and  still  allow  for  the  proper  air  velocities  through  the  registers.  The  cold  or  foul 
air  is  removed  by  vent  registers  placed  at  the  floor  line  usually  on  the  same  side  of 
the  room  as  the  hot  air  flue.  The  heated  air  enters  above  at  a higher  temperature 
than  that  of  the  room,  and  a complete  and  practically  uniform  diffusion  to  all  parts 
of  the  room  occurs.  The  cooling  effect  of  the  outer  walls  and  windows  produces  a 
downward  circulation  at  these  points  with  a consequent  flow  from  the  hot  air 
registers  toward  the  outer  wall  in  the  upper  stratum,  and  a flow  from  the  outer 
walls  to  the  vent  registers  in  the  lower  or  breathing  stratum.  This  flow  occurs  over 
such  large  areas  that  the  velocity  is  most  imperceptible. 

Inasmuch  as  the  heated  air  is  positively  supplied  to  the  room,  the  foul  air 
must  be  positively  forced  out  through  the  only  channels  available,  namely,  the  vent 
register,  flues,  and  leakage  cracks  around  the  windows  and  doors  in  the  outer  walls. 
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Exit  by  the  latter  means  is  necessarily  restricted  in  properly  constructed  buildings, 
but  it  serves  the  purpose  of  preventing  the  undesirable  infiltration  of  cold  air  which 
would  otherwise  occur.  The  alxne  method  is  often  spoken  of  as  the  plenum  system. 

It  is  just  as  important  to  positively  remove  the  foul  air  as  it  is  to  positively 
introduce  the  fresh  air  but  the  same  progress  has  not  been  made  in  thi*  end  of 
ventilation.  The  usual  method  is  to  have  vertical  Hues  with  roof  ventilators  and 
depending  entirely  upon  the  stack  effect  to  remove  the  foul  air. 


Many  of  the  best  installations  provide  a supplementary  fan  system  for  ex 
hausting  the  foul  air. 


Advantages  of  the  Buffalo  Fan  System 

The  contrast  between  the  methods  and  effects  of  the  old  system  of  direct 
radiation  depending  upon  windows  and  doors  for  ventilation  on  one  hand,  and  the 
Buffalo  Fan  System  of  1 {eating  and  Ventilating  on  the  other  is  very  striking.  \\  ith 
direct  radiation  all  air  for  ventilation  must  be  admitted  at  the  windows  through 
the  lower  sash.  This  is  made  necessary  because  any  opening  of  the  upper  sash  will 
allow  the  esca|>e  of  the  stratum  of  heated  air  in  the  upper  parts  of  the  room.  This 
method  is  both  unsanitary  and  uneconomical.  It  is  unsanitary,  first,  because  if  is 
ini|K)ssible  to  admit  sufficient  fresh  air  by  means  of  windows  without  objectionable 
drafts;  second,  the  ventilation  is  not  uniform,  and  depends  entirely  upon  atmos- 
pheric conditions  outside  the  room,  being  mostly  affected  by  the  direction  and 
velocity  of  the  prevailing  winds;  and  third,  an  undesirable  layer  of  cold  air  tends 
to  settle  along  the  floor,  which  does  more  harm  than  an  entire  lack  of  ventilation. 
It  is  uneconomical  because  the  coldest  air  remains  along  the  ll<K>r,  and  the  heated 
air  rises  and  flows  out  of  the  window  openings.  The  heated  and  cold  air  do  not  get 
an  opportunity  to  intermingle  and  most  of  the  heat  produced  is  not  list'd  to  advan- 
tage. Further  the  heat  is  not  equally  distributed,  the  better  ventilated  parts  of 
the  room  arc  too  cold,  and  |xx>rly  ventilated  parts  are  too  hot;  the  room  temper- 
ature cannot  be  kept  uniform  or  regulated  to  any  extent  and  the  loss  due  to  over- 
heating is  great. 

The  Buffalo  Fan  System,  on  the  other  hand,  is  sanitary  and  economical  and 
overcomes  all  the  objections  voiced  against  natural  ventilation,  because  it  main- 
tains a uniform  temperature,  prevents  all  drafts  and  secures  a warm  floor.  It  is 
economical,  Ixxause  the  temperature  is  readily  and  absolutely  controlled  either 
automatically  or  by  hand,  and  any  overheating  is  prevented.  This  latter  advan- 
tage is  very  much  greater  than  is  generally  supposed. 


Carrier  Air  Washers 

One  objection  that  is  frequently  raised  to  the  use  of  the  fan  system  is  that  dust 
is  drawn  in  with  tin*  air  and  blown  into  the  room.  This  objection  can  be  very 
easily  overcome  by  the  Carrier  Air  W asher  which  positively  removes  all  traces  of 
dust,  soot  and  smoke,  and  the  foulest  germ-laden  air  of  the  city  is  thus  made  as 
clean  and  pure  as  that  of  the  country.  The  advantage  of  this  process  wherever 
cleanliness  and  sanitary  conditions  are  desired  is  easily  appreciated  and  renders 
this  system  particularly  valuable  in  libraries,  hospitals,  schools,  in  fact  in  all  build- 
ings where  clean  air  is  a requisite. 
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This  mud  was  shoveled  from  the  l>ot 
tank  after  the  water  had  been  drained  off. 
the  water  had  been  carried  off. 


These  pails  contain  dirt,  mud, 
soot,  bacteria  of  various  sorts,  and 
disease- breeding  filth  of  all  kinds 
which  was  washed  .from  the  air  used 
for  ventilation  of  Public  School  No.  6, 
Brooklyn,  New  York,  and  shows  the 
result  of  one  week’s  run  of  the  Buffalo 
Fan  System. 

>m  of  the  Carrier  Air  Washer  settling 
Of  course  all  the  finest  dirt  floating  in 


Had  it  been  |x>ssible  to  strain  the  water  as  it  was  drained,  no  doubt  five 
more  pails  would  have  been  filled.  These  pails  each  contained  approximately 
twenty-five  pounds  of  dry  dust  so  this  washer  was  collecting  approximately  one 
hundred  and  twenty-five  pounds  of  dirt -carrying  disease  every  five  days. 

Another  big  advantage  of  the  air  washer  is  that  the  humidity  of  the  air  used 
for  ventilation  can  be  positively  controlled.  The  advantage  of  this  has  been 
described  under  the  subject  of  humidity  on  pages  10  and  11. 


Humidity  Control 

'The  Carrier  Air  Washer  and  Humidifier  described  on  page  50  effectively 
overcomes  the  dryness  of  ordinary  heated  air  and  places  the  humidity  of  the  air 
under  accurate  and  automatic  control.  In  this  system  the  humidity  of  the  air 
entering  the  building  is  regulated  to  the  finest  nicety  through  the  control  of  the 
temperature  of  the  spray  water. 

This  method  of  regulation  is  the  only  simple  and  direct  form  of  humidity  con- 
trol. By  means  of  the  spray  water  temperature  regulation  every  demand  lor 
variation  is  immediately  taken  care  of  and  there  is  no  delay  between  the  demand 
and  response  as  is  evident  in  all  other  methods  of  regulation.  The  temperature  of 
the  spray  water  is  raised  by  the  introduction  of  steam  through  a device  similar  to 
an  injector,  or  by  a closed  water  heater. 

^ It  has  lieen  proven  by  numerous  tests  that  the  temperature  of  the  spray  water 
is  a .greater  factor  in  the  amount  of  moisture  which  the  air  will  absorb  than  the 
^temperature  of  the  air  itself. 

Regulation  of  the  temperature  of  air  entering  the  ventilating  system  as  a 
means  of  controlling  the  amount  of  vapor  absorbed  is  inadequate,  and  attempts 
to  secure  a constant  relative  humidity  by  regulating  the  temperature  of  the  Ixxly 
of  water  in  the  settling  tank  of  the  air  washer  fail  on  account  of  the  time  element 
before  this  water  is  sprayed  into  the  air.  In  these  and  other  systems  two  ther- 
mostats jointly  aim  to  give  the  control  desired,  bringing  in  a double  error,  and  a 
considerable  lag  Vf  regulating  effect  behind  the  outside  atmospheric  changes 
which  cause  it. 

The  Carrier  Dew-point  System  of  humidity  control  uses  one  thermostat  o! 
very  simple  and  accurate  design  exjxised  to  the  temperature  of  the  washed  air. 
Controlling  directly  the  temperature  of  the  water  as  it  is  sprayed,  not  of  the  whole 
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volume  of  the  settling  tank.  There  is  no  lag,  cause  brings  instant  effect,  and 
literally  any  relative  humidity  may  be  maintained  automatically. 

Reduction  of  the  humidity  is  not  desirable  except  for  special  processes  in  the 
industries,  but  may  be  accomplished  by  the  use  of  refrigeration  for  cooling  the 
spray  water.  The  average  winter  temperatures  in  our  Northern  States  set  a prac- 
tical upper  limit  for  humidity  at  40%  to  45%  above  which  f he  coldest  weather- 
will  cause  condensation  on  windows.  See  discussion  on  page  30. 

The  Dew-point  System  indicates  by  its  name  that  the  air  must  be  saturated, 
thus  fixing  absolutely  the  number  of  grains  of  moisture  per  cubic  foot  at  a given 
temperature  which  leaves  only  the  temperature  of  the  saturated  air  to  be  con- 
trolled. No  air  washer  that  will  not  give  saturation  can  be  used  with  the  Dew- 
|M*int  System,  but  Carrier  Air  Washers  have  spray  systems  which  make  saturation 
l»ossiblc  when  using  heated  spray  water. 
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Hospitals 

The  necessity  of  ample  ventilation  in  hospitals  is  not  receiving  the  proper 
attention  by  those  most  concerned.  Although  absolute  cleanliness  is  paramount  in 
the  mind  of  the  physician  it  is  really  surprising  that  this  question  is  so  frequently 
lost  sight  of  when  hospital  ventilation  is  considered.  This  matter  is  being  brought 
forward  by  the  leading  engineers  and  is  gradually  coming  into  its  own. 

The  extreme  importance  of  maintaining  the  proper  humidity  in  the  treatment 
of  certain  diseases  is  just  being  realized  by  physicians.  In  diseases  of  the  heart  and 
the  respiratory  organs,  in  fevers  and  especially  in  all  riervous  disorders,  patients  are 
extremely  sensitive  to  changes  in  humidity  and  adversely  affected  by  the  dryness 
of  the  air  ordinarily  existing  in  heated  buildings. 

When  used  for  cooling  the  hospital  rooms  in  the  heat  of  summer  the  Carrier 
Air  Washer  in  connection  with  the  Buffalo  Fan  System  proves  efficacious  and  con- 
venient. 

Libraries 

The  Buffalo  Fan  System  in  connection  with  the  system  of  air  purifying  is 
applied  to  the  heating  anti  ventilation  of  library  buildings  with  most  satisfactory 
results.  Not  only  does  it  afford  positive  ventilation,  but  it  frees  the  air  from  all 
traces  of  smoke  and  dust  so  objectionable  in  libraries;  besides,  outward  pressure 
of  air  in  the  building  prevents  the  entrance  of  dust  from  without. 

In  one  instance  tests  were  made  of  the  temperature  of  the  water  in  circulation 
and  of  the  air  at  various  points  with  the  results  shown  in  the  following  table: 

Carnegie  Branch  Library,  St.  Louis,  Mo. 

Tim  P.  M. 


Room 

2:30 

2:50 

3: 15 

Auditorium,  basement 

75 

75 

74 

Stall  room,  basement 

79 

80 

7714 

Stall  room,  basement 

77 

77 

76 

South  reading  room,  main  floor 

78 

78 

78 

North  reading  room,  main  floor 

78 

78 

78 '4 

Stock  room 

79 

80 

791 2 

Average 

•77.7 

78 

77.2 

External  air 

86 

Air  entering  rooms 

75 

Circulating  water 

69 

It  is  interesting  to  note  the  effect  of  this  apparatus  in  cooling  the  building. 
Although  the  temperature  of  the  external  air  was  86°  F.,  it  entered  the  rooms  at 
73,  and  kept  their  temperature  down  to  between  77  and  78,  a cooling  of  alxmt  81  2°- 
During  the  first  two  series  of  readings  the  windows  in  the  three  basement 
rooms  were  open.  Before  taking  the  3:15  F.  M.  reading  they  were  closed.  The 
result  shows  that  the  temperature  of  these  rooms  was  noticeably  lowered  by  exclud- 
ing the  external  a+r  and  supplying  only  the  washed  air  from  the  fan. 
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Application  to  Schools 

The  modern  school  building  offers  the  most  exacting  requirements  in  heating 
and  ventilating.  The  large  number  of  pupils  seated  in  one  room  require  a very 
rapid  air  change,  and  this  must  be  accomplished  without  causing  any  drafts.  A 
uniform  temperature  must  lx*  maintained  throughout  the  room  and  the  ventilation 
must  be  adequate. 

The  Buffalo  Fan  system  adapts  itself  very  readily  to  the  accomplishment  of 
the  former  but  the  latter  is  somewhat  more  difficult  to  attain.  Even  elaborate 
system  cannot  secure  an  entirely  perfect  distribution  of  air  and  the  only  practical 
and  successful  method  has  been  to  supply  air  considerably  in  excess  of  the  theoret- 
ical requirements.  The  necessity  of  this  extra  requirement  or  factor  of  safety  as  it 
might  lx*  called,  is  often  overlooked  in  writing  specifications  for  school  ventilation. 

Thirty  cubic  feet  of  air  per  pupil,  which  is  the  amount  usually  specified,  will 
keep  the  COa  content  down  to  from  six  to  seven  parts  in  10,000.  This  supply 
would  be  ample  if  the  air  distribution  were  perfect  but  it  has  been  found  advisable 
that  40  cu.  ft.  |x*r  minute  per  pupil  be  introduced  to  insure  the  best  results. 

The  Buffalo  System  has  been  installed  in  schools  throughout  the  world  with 
marked  success. 
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Theaters  and  Churches 

Audience  halls,  such  as  theaters,  churches  and  lecture  rooms  though  in  use 
but  for  a short  time  are  as  a rule  notorious  for  their  poor  ventilation.  The  intro- 
duction of  the  Buffalo  Fan  System  has  effectively  relieved  this  disagreeable  and 
unsanitary  condition.  Owing  to  the  large  dimensions  of  such  buildings,  and  to 
the  density  to  which  they  are  peopled  the  problems  of  air  distribution  and  avoid- 
ance of  drafts  are  greatly  increased. 

Two  plans  have  been  found  to  give  the  best  success  in  the  ventilation  of  audi- 
ence halls,  these  are  usually  distinguished  as  the  upward  and  downward  systems.  In 
the  downward  system  the  air  is  admitted  through  registers  in  the  walls  at  a height 
of  several  feet  alxive  the  floor,  and  removed  through  vent  registers  in  the  walls  at 
the  floor  line  in  the  same  manner  as  in  school  buildings  or  the  air  may  be  exhausted 
by  means  of  separate  disc  fans  placed  in  the  walls  of  the  building.  In  the  upward 
method  the  air  is  admitted  through  duct  outlets  in  the  floor  underneath  the  seats 
and  is  exhausted  by  means  of  disc  fans  in  the  walls  or  ventilators  in  the  roof. 

The  upward  method  is  to  be  desired  wherever  the  architectural  design  makes 
it  permissable.  A perfect  distribution  of  air  can  lx?  secured,  and  the  air  flow  is 
upward  in  accord  with  the  natural  air  currents  induced  by  the  heat  of  the  body 
and  the  breath.  The  products  of  respiration,  and  eliminations  of  the  body  are 
immediately  carried  away,  and  the  incoming  air  is  uncontaminated.  This  method 
of  ventilation  is  exceedingly  efficient,  as  a high  standard  of  purity  can  be  maintained 
at  the  breathing  line  with  a comparatively  small  air  supply.  One  objection  to  this 
system  is  that  the  air  being  introduced  at  the  floor  tends  to  carry  up  with  it  all 
loose  dirt  which  may  be  raised  from  the  floor  by  the  action  of  people  walking  or 
moving  their  feet  while  seated. 

With  ordinary  precautions  as  to  the  cleanliness  of  the  floors  this  objection  is 
for  the  most  part  overcome. 

The  moving  picture  theater  has  offered  the  largest  field  for  theater  ventilation 
in  the  last  few  years.  The  system  most  in  vogue  for  these  installations  is  the  down- 
ward system.  The  air  is  introduced  through  registers  in  the  side  wall  and  exhausted 
by  means  of  disc  fans  or  ventilators.  The  ventilation  requirements  for  audience 
halls  and  theaters  are  now  very’  fully  covered  by  legislation  in  most  of  the  states. 

Upward  ventilation,  to  lx  successful,  requires  a very  careful  arrangement  of 
the  supply  openings  on  account  of  the  greater  liability  of  drafts.  The  velocities  are 
necessarily  low,  and  the  registers  are  so  small  that  a very  large  number  is  needed 
to  convey  the  necessary  air. 

The  plenum  chamber  for  supply  is  sometimes  out  of  the  question,  and  on  this 
account  the  downward  system,  which  is  in  almost  universal  use  in  schools,  is 
extended  to  churches,  theaters  and  halls  with  high  ceilings.  With  a proper  arrange- 
ment of  fresh  air  and  vent  registers,  and  ample  air  supply  excellent  results  are 
obtained.  To  insure  such  results  exhaust  systems  are  frequently  relied  upon, the 
vent  registers  being  connected  with  suction  fans  which  maintain  a steady  draft. 


The  design  of  theaters  and  churches  often  prevents  the  location  of  vent  flues 
except  in  outside  walls,  the  cooling  effect  of  which  seriously  impairs  the  efficiency 
of  the  natural  draft.  It  is  always  advisable  to  connect  flues  so  located  with  suction 
fans. 


Page  23 


Kan  System  of  Heating,  Ventilating  and  Humidifying 


In  theaters  which  are  in  use  during  the  summer,  the  air  washer  provides 
the  means  of  securing  freedom  from  distressing  heat.  In  order  fo  maintain  the  best 
cooling  effect,  refrigerating  apparatus  for  lowering  the  temperature  of  the  water 
sprays  is  sometimes  necessary,  and  may  be  economically  installed  and  operated, 
but  even  without  the  use  of  refrigerated  water,  the  cooling  effect  is  considerable 
and  of  decided  practical  value. 

The  air  washer  and  cooling  apparatus  enables  t ho  temperature  to  be  lowered 
alxnit  10°,  converting  the  theater  from  the  most  uncomfortable  to  the  most  com- 
fortable place  in  warm  weather,  while  in  winter  it  gives  a cleanliness  and  an  in- 
creased freshness  to  the  air  supplied. 
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I Department  Stores 

Department  stores  offer  an  especially  useful  field  for  the  application  of  the 
fan  system.  In  cold  weather  there  exist  disagreeable  cold  drafts  along  the  floors. 
Although  on  account  of  the  crowded  condition  ventilation  is  most  urgently  needed, 
no  provision  as  a rule  is  made  for  supplying  it.  The  fan  system  fills  both  of  these 
needs,  first,  by  furnishing  warmer  air  in  large  volumes  without  the  production  of 
drafts,  and  second,  by  creating  an  outward  pressure  which  effectually  prevents  the 
entrance  of  cold  air  at  the  doors.  The  objection  to  the  fan  system  previously 
existing  on  account  of  the  dust  carried  into  the  building  by  the  fan  is  entirely  over- 
come in  the  Buffalo  Fan  System  by  the  use  of  the  air  purifying  apparatus,  while  at 
the  same  time  the  store  is  made  very  attractive  in  the  hot  days  of  summer  by  the 
effect  which  may  be  obtained  when  using  this  system  of  cooling. 

The  department  stores  shown  below  reap  the  benefits  of  Buffalo  heating  and 
ventilating  systems.  The  Lord  & Taylor  installation  admirably  meets  the  varied 
weather  conditions  of  New  York  City  while,  on  the  other  hand,  the  delightful 
climate  of  Los  Angeles  is  further  enhanced  by  the  Buffalo  system  in  the  Broadway 
Department  Store. 


€ • 


♦ # 

% * 


• • 


>0  «• 


Fan  System  of  Heating,  Ventilating  and  Humidifying 


THE  BUFFALO  FAN  SYSTEM 

OF 

Heating,  Ventilating  and  Humidifying 

PART  TWO 


Industrial  Plants 

THE  apparatus  used  in  industrial  building  application  is  similar  to  that  used 
in  public  buildings.  The  heating  system  ordinarily  consists  of  three  elements, 
namely;  the  heater,  the  fan  and  the  system  of  air  distributing  ducts.  In 
such  installations  where  pure  air  and  humidity  control  is  required,  an  air  washer 
is  installed  in  addition  to  the  equipment  mentioned  above.  I he  draw  through 
system  is  most  commonly  used  in  industrial  work  inasmuch  as  higher  velo<  ities  art 
used  than  in  public  building  application,  and  also  due  tc  the  economy  effected  by 
the  fan  discharging  directly  into  the  duct  system. 


Heat  Losses 

In  industrial  buildings  the  heat  losses  are  due  to  two  causes;  first,  by  the  direct 
transmission  of  heat  through  the  walls  and  exterior  surfaces  ol  the  building,  and 
second,  by  the  infiltration  of  cold  air  from  the  outside.  The  loss  due  to  the  first 
cause  may  be  calculated  very  closely  in  accordance  with  the  method  described  on 
page  74.  but  the  heat  loss  due  to  infiltration  differs  so  greatly  in  various  sizes 
and  construction  of  buildings  that  no  definite  rule  can  be  laid  down.  The  allow- 
ance to  be  made  for  this  is  necessarily  the  result  of  experience  and  of  careful  tests  of 
previous  installations.  The  most  effective  remedy  to  reduce  this  loss  to  a minimum 
is  to  maintain  a slight  pressure  or  plenum  within  the  building  by  means  of  a fan. 


Fan  System  vs.  Direct  Radiation 

In  all  heating  systems  difficulty  is  experienced  due  to  the  rise  of  heated  air 
before  its  heat  has  been  utilized  to  the  fullest  extent.  I his  heated  air  forms  a 
stratum  just  lieneath  the  roof.  In  the  modern  type  of  factory  construction  with 
its  height  and  great  amount  of  skylight  surface,  the  loss  due  to  this  action  ol  the 
heated  air  may  be  considerable  and  its  prevention  is  a serious  problem.  In  direct 
radiation  where  the  air  current  is  entirely  due  to  the  difference  in  temperature, 
the  attendant  loss,  which  is  relatively  great,  is  unavoidable.  Practically,  the  only 
way  in  which  this  heated  air  can  be  made  use  of  is  by  placing  the  coils  next  to  the 
wall  near  the  floor,  and  allowing  the  heated  current  of  air  to  pass  upward  along  the 
walls,  but  this  method  is  extremely  wasteful,  due  to  the  fact  that  part  of  the  heat 
is  applied  directly  to  the  walls,  causing  a loss  estimated  as  great  as  25(  '0  of  the 
total  heat  supplied. 
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With  the*  fan  system  on  the  other  hand,  the  method  of  distributing  the  air  is 
entirely  mechanical,  and  thus  an  opportunity  is  afforded  for  utilizing  its  heating 
effect  to  the  very  lx*st  advantage.  The  method  of  distribution  may  be  so  devised 
that  the  effect  of  a rising  current  of  heated  air  is  almost  entirely  avoided,  this  being 
secured  by  diffusion  of  the  heated  air  along  or  near  the  floor  line. 

The  Buffalo  Fan  System  possesses  a great  advantage  over  direct  radiation 
systems  in  its  flexibility  of  operation.  With  direct  radiation  a building  heats  up 
very  slowly,  and  it  is  usually  necessary  to  maintain  a normal  temperature  all  night 
in  order  to  have  it  sufficiently  warm  in  the  morning.  On  the  other  hand  the  fan 
system  with  the  proper  amount  of  reserve  can  heat  a building  up  in  a short  time. 
This  allows  the  building  to  be  cooled  down  during  the  night  to  just  above  freezing 
point,  say  an  average  temperature  of  35°  or  4(1°  where  the  manufacturing  process 
will  permit. 

Another  im|x>rtant  |>oint  of  economy  in  the  Buffalo  Fan  System  is  the  util- 
ization of  waste  sources  of  heat.  The  most  common  form  of  waste  heat  in  an  indus- 
trial building  is  from  steam  engines  and  other  steam  driven  machinery. 

The  ordinary  simple  steam  engine  running  non-condensing  has  a water  rate 
of  alxmt  32  pounds  per  horse  jxjwer.  Of  the  total  heat  supplied  by  the  steam  only 
about  20%  is  utilized  in  work  leaving  80%  of  the  heat  unused.  A great  portion 
of  this  remaining  80%,  is  available  for  use  in  healing  apparatus,  a small  part  being 
lost  due  to  radiation. 

Since  the  mean  effective  pressure  in  an  ordinary  engine  cylinder  may  be  placed 
at  40  pounds  |xt  square  inch  it  will  lx*  seen  that  an  increase  of  one  pound  per  square 
inch  in  back  pressure  will  reduce  the  effective  horse  power  of  the  engine  two  and 
one-half  per  cent,  and  correspondingly  increase  the  cost  of  the  power  produced. 

In  a compound  engine  the  effect  of  back  pressure  is  still  more  noticeable  since 
the  mean  effective  pressure,  referred  to  the  low  pressure  cylinder,  may  lx*  placed  at 
30  pounds  per  square  inch;  each  pound  of  back  pressure  therefore  reducing  the 
power  of  the  engine  three  and  one-third  per  cent.  It  is  therefore  unprofitable  to 
introduce  any  system  that  will  greatly  increase  the  back  pressure  on  the  engines. 

The  ordinary  system  of  direct  radiation  places  a back  pressure  on  the  engines 
which  is  prohibitive.  On  the  other  hand  the  Buffalo  Fan  System  Heater  is  designed 
for  use  of  steam  at  low  pressure  and  can  lx*  operated  successfully  with  one-halt 
pound  back  pressure  on  the  engine. 

Heating  with  Exhaust  Steam 

The  question  is  frequently  brought  up  whether  it  is  cheaper  to  run  an  engine 
non-condensing  and  use  exhaust  steam  for  heating  or  to  run  the  engines  condensing 
and  use  live  steam  for  heating  purposes.  With  the  average  compound  ( orliss 
engine  the  water  rate  at  full  load  is  about  20  pounds  per  horse  power  when  running 
non-condensing  and  about  14  pounds  condensing,  so  that  a saving  of  30%  in  the 
water  rate  is  effected  when  running  condensing. 

The  amount  of  heat  available  in  the  exhaust  steam  is  about  80' , of  the  total. 
Hence  it  will  be  seen  that  the  saving  of  steam  when  running  condensing  is  only 
six  pounds  per  horse  power,  while  the  heat  available  in  the  exhaust  steam  is  equiva- 
lent to  16  pounds  of  steam  per  horse  power  and  therefore  a saving  of  the  equivalent 
ten  pounds  of  steam  per  horse  jx>wer  could  be  saved  by  running  the  engine  non- 
condensing and  using  the  exhaust  steam  in  the  heater.  In  this  manner  a saving  is 
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effected  as  long  as  38%  of  the  steam  is  utilized  in  the  heater.  With  engines  whose 
economy  is  less  than  that  assumed  above,  the  saving  effected  by  running  non- 
condensing and  using  the  exhaust  steam  in  the  heaters  is  even  greater. 

With  the  steam  turbine  the  water  rate  increases  much  more  rapidly  with  a 
decrease  in  vacuum  than  in  the  case  of  the  steam  engine.  A steam  turbine  having 
a water  rate  of  20  pounds  of  steam  per  horse  power  with  28  inches  of  vacuum  will 
require  50  pounds  of  steam  per  horse  power  when  running  non-condensing.  From 
this  it  is  readily  seen  that  the  use  of  exhaust  steam  from  a turbine  running  non- 
condensing  is  economical  when  the  heating  requirements  are  more  than  60%  of 
the  steam  consumption  of  the  turbine  when  running  non-condensing. 

Besides  these  distinct  advantages  in  economy  over  direct  radiation  there  is 
usually  a considerable  advantage  in  first  cost  in  favor  of  the  Buffalo  Fan  System. 
This  is  due  in  part  to  the  compactness  of  the  system,  requiring  fewer  connections 
and  shorter  lengths  of  steam  mains,  but  more  particularly  to  the  great  saving  in 
amount  of  radiating  surface  required  owing  to  its  greater  effectiveness  in  the  fan 
system.  A determining  factor  in  the  rate  of  heat  transmission  of  any  heating  sur- 
face is  the  velocity  of  air  over  the  surface.  This  is  shown  by  the  curve  on  page  72. 
exhibiting  the  relation  between  air  velocities  and  heat  transmission  as  determined 
by  accurate  tests  on  the  Buffalo  Fan  System  heater.  In  direct  radiation  the 
heat  is  transmitted  by  convection  currents  and  radiation  only,  while  with  the  fan 
system  an  air  velocity  over  the  coils  of  from  1,000  to  1,200  feet  per  minute  is  usual; 
the  former  transmits  only  from  2 to  2.6  British  Thermal  Units  per  square  foot  per 
hour,  per  degree  difference  in  temperature,  while  the  fan  system  heater  as  shown  by 
the  curve  on  page  73,  transmits  from  10.4  to  1 1.5  B.  t.  u.  per  square  foot  per  hour, 
per  degree  difference  in  temperature  or  about  five  times  as  much  as  direct  radiation. 
Hence  a correspondingly  smaller  amount  of  radiating  surface  may  be  used,  which 
more  than  offsets  the  additional  cost  of  fan,  engine,  and  hot  air  piping. 

The  question  often  arises  as  to  the  relative  cost  of  heating,  ventilating,  and 
humidifying.  As  an  example,  assume  a fan  system  of  heating  in  a schoolroom, 
where  outside  temperature  is  0°  and  room  temperature  is  to  be  kept  at  70°.  Air 
must  be  raised  to  70°  before  any  heating  will  lx*  done  by  it,  therefore  consider  this 
amount  of  heat  added  for  ventilation  purposes. 

The  temperature  of  the  air  has  to  be  raised  still  further  for  heating  the  room, 
and  it  is  ordinarily  assumed  that  air  entering  a room  at  120°  with  outside  temper- 
ature 0°,  will  probably  take  care  of  heating  requirements,  and  also  furnish  a suffi- 
ciently rapid  air  change. 

Accordingly  70°  of  120°  total  or  58%,  is  used  for  ventilation  and  42%,  for  heat- 
ing; and  approximately  the  cost  of  ventilation  is  60%  and  the  cost  of  heating  40%„ 
where  humidifying  is  not  considered. 

Assuming  that  this  same  proportion  holds  for  other  temperatures,  when  the 
outside  air  is  40°  and  the  room  is  to  be  kept  at  70°,  30°  or  58%  is  the  amount  of 
heating  required  for  ventilation,  and  22°  or  42%  for  heating;  and  temperature 
of  air  entering  the  room  should  be  92°. 
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1 he  amount  of  moisture  actually  contained  at  any  temperature  is  called  the  abso- 
lute humidity;  and  the  ratio  of  moisture  which  air  actually  contains  at  any  tem- 
perature compared  to  what  it  could  hold  at  that  same  temperature,  is  called  the 
relative  humidity.  Thus,  if  a cubic  foot  of  air  contains  0.5  gr.  of  moisture  at  0°. 


Pav  29 


Kan  Systkm  of  Heating,  Ventilating  and  Humidifying 


this  being  its  absolute  humidity,  the  absolute  humidity  will  be  0.5  gr.  when  the  air 
is  heated  to  70°.  But  a cubic  foot  of  air  at  70°  would  be  capable  of  containing  8-0 
gr.of  moisture,  therefore  its  relative  humidity  at  70°  would  be  only  about  six  per  cent. 

When  outside  air  is  about  30°,  it  is  well  to  have  about  4 to  5.5  gr.  of  moisture 
ix*r  cubic  foot  of  air,  when  temperature  is  raised  to  70°;  but  with  outside  temper- 
ature 0°  it  is  ordinarily  considered  that  relative  humidity  should  be  about  one- 
half  the  difference  between  outside  and  indoor  temperatures,  or  where  outside  air 
is  0°  and  room  temperature  70°,  the  relative  humidity  should  be  about  35%.  This 
is  the  practical  value  which  will  not  cause  steaming  of  windows. 

Assume  in  the  above  example  that  35%  relative  humidity  at  70°  is  to  be  main- 
tained. The  air  then  would  leave  the  humidifier  completely  saturated  at  41°, 
containing  2.85  gr.  of  moisture  per  cubic  foot,  and  then  could  be  raised  to  any 
desired  temperature  by  passing  over  heating  coils.  As  air  entered  at  0°  containing 
0.5  gr.  of  moisture  per  cubic  foot,  2.35  gr.  of  moisture  should  be  added  to  each  cubic 
foot  of  air.  Through  the  ordinary'  range  of  temperatures  the  absorption  of  one 
grain  of  moisture  per  cubic  foot  lowers  the  dry  bulb  temperature  8.5°,  or  8.5°  are 
necessary  to  raise  moisture  in  a cubic  foot  of  air  one  grain  or  20°  will  be  necessary 
to  raise  moisture  per  cubic  foot  2.35  grains. 

This  will  lx*  in  addition  to  the  120°  for  heating  and  ventilating,  or  140°  will 
be  required  for  heating,  ventilating,  and  humidifying.  Therefore  70  of  140°  total, 
or  50%,  is  required  for  ventilating,  36%  for  heating,  and  14%  for  humidifying,  and 
it  can  be  stated  approximately  that  cost  of  ventilating  will  be  50%,  cost  of  heating 
35%,  and  the  cost  of  humidifying  15%. 

Systems  of  Air  Supply 

The  method  of  distributing  the  air  in  an  industrial  building  is  a consideration 
of  chief  importance.  The  methods  usually  applied  are  as  follows: 

First,  the  air  is  taken  entirely  from  without  and  after  being  heated  is  forced 
directly  into  the  building  through  the  distributing  ducts,  this  method  being  gen- 
erally known  as  the  Plenum  System.  The  pressure  produced  within  the  building 
causes  continuous  exit  of  the  air  from  the  building,  either  through  the  natural 
openings,  as  is  usually  the  case  in  factories  and  other  large  buildings,  or  through 
sjx-cial  vent  openings  provided  for  the  pur|x>se  as  described  under  Public  Building 
Application.  This  method  effectually  prevents  the  entrance  of  cold  air  from  without. 

A second  and  by  far  the  most  common  method  used  in  industrial  plants  is  to 
draw  the  supply  of  air  entirely  from  within  the  building,  raise  it  to  the  proper  tem- 
perature and  force  it  through  the  distributing  ducts  thus  causing  a continuous  cir- 
culation within  the  building  itself.  This  method  can  be  used  in  industrial  appli- 
cations since  the  question  of  ventilation  is  not  of  as  great  importance  as  in  public 
buildings,  inasmuch  as  the  relative  amount  of  air  per  occupant  is  very  much 
greater  in  industrial  plants. 

The  ideal  arrangement  is  a combination  of  the  two  mentioned  above  and 
should  be  used  wherever  possible.  In  this  method,  the  greater  portion  of  the  air 
is  returned  to  the  apparatus,  but  sufficient  fresh  air  is  taken  from  the  outside  to 
create  a plenum  within  the  building  and  thus  prevent  the  inward  leakage  of  cold 
air.  In  this  manner  the  amount  of  air  loss  by  leakage  is  made  up— not  by  the 
infiltration  of  cold  air  through  the  crevices  around  the  doors  and  windows — but 
by  air  that  has  passed  through  the  apparatus  and  has  been  heated  to  an  effective 
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degree.  This  combination  has  been  found  to  lx?  more  economical  than  where  all 
returned  air  is  used.  The  proper  amount  of  air  to  be  taken  from  outside  is 
determined  by  securing  a condition  within  the  building  so  that  the  noticeably 
inward  flow  of  air  around  the  doors  or  windows  ceases.  If  the  plenum  is  carried 
beyond  this  point,  there  will  lx*  a loss  due  to  the  heating  of  an  excess  amount  of 
outside  air  drawn  through  the  apparatus. 


Systems  of  Air  Distribution 

The  vertical  duct  system  such  as  usually  used  in  public  and  office  buildings  is 
frequently  employed  in  factory  buildings.  In  this  system  the  air  is  admitted  through 
vertical  ducts  or  flues  built  in  the  walls  and  opening  into  the  room  at  a point  about 
eight  feet  above  the  floor  line;  suitable  openings  being  supplied  at  the  floor  line 
connecting  either  with  vents  opening  to  the  roof,  or  an  exhaust  duct  system 
through  which  the  air  is  drawn  out.  By  this  method  the  heated  air  is  continuously 
forced  downward  as  it  cools,  and  the  cool  air  is  removed  at  the  floor  line. 

This  system  may  be  modified  by  placing  the  ducts  in  the  room  along  the  walls 
and  either  blowing  the  air  out  at  a height  of  about  eight  feet  or  very  close  to  the 
floor  and  blowing  directly  downward  along  the  floor.  The  latter  method  secures 
a perfect  diffusion  of  the  heated  air  at  the  floor  line  and  avoids  any  draft  which 
would  be  objectionable.  In  buildings  having  a large  open  area  a system  of  over- 
head piping  is  installed  to  the  lx*st  advantage.  Excellent  results  are  obtained  by 
this  method  providing  the  pipes  are  not  placed  at  too  great  a distance  from  the 
floor.  The  chief  advantage  of  the  overhead  system  is  a saving  of  initial  cost,  since 
on  account  of  the  high  temperature  and  velocity  of  air  in  the  distributing  pipes, 
a great  amount  of  heat  can  lx*  transferred  with  a very  small  amount  of  material 
necessary,  thus  the  cost  of  the  galvanized  iron  distributing  system  air  ducts  is 
relatively  small.  The  best  results  are  secured  with  outlets  at  from  12  to  18  feet 
above  the  floor  line.  When  running  the  ducts  at  this  height  the  air  may  be  blown 
out  directly  by  means  of  short  connections.  Above  this  height  it  is  preferable  to 
use  drop  pij>es  extending  downward  along  the  structural  columns  so  that  they  will 
not  interfere  with  any  moving  mechanism. 

Another  system  which  hits  proven  very  satisfactory'  is  that  in  which  a dis- 
tributing air  return  duct  is  employed.  This  approaches  in  principle  very  close  to  the 
plenum  system  as  used  in  public  buildings  and  is  a combination  of  both  the  plenum 
and  exhaust  systems.  In  this  system  no  distributing  ducts  or  piping  for  the  heated 
air  are  used  but  small  fan  units  are  placed  at  intervals  throughout  the  building.  The 
air  is  blown  directly  into  the  building  at  about  eight  or  ten  feet  alx>ve  the  floor 
through  an  outlet  coming  directly  from  the  fan  and  having  short  outlets  branching 
in  several  directions.  Return  vent  ducts  arc  placed  at  frequent  intervals  along 
the  wall,  these  leading  into  large  return  air  tunnels  or  ducts  through  which  the  air 
is  drawn  by  the  heating  fans.  In  this  method  the  circulation  is  effected  entirely 
by  the  return  vent  ducts  rather  than  by  the  hot  air  ducts.  This  method  is  to  lx* 
recommended  where  an  elaborate  duct  distributing  system  is  impracticable  or 
undesirable. 


'This  system  has  marked  advantage  over  all  other  systems  in  that  piping  cost 
is  cut  to  a minimum  due  to  the  high  velocities  and  high  temperature  of  air  handled 
by  the  fan  and  that  a positive  circulation  of  air  is  produced. 
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Industrial  Applications 

The  world  is  progressing  and  working  conditions  of  years  ago  are  no  longer 
tolerated.  The  progress  in  machine  tool  design  and  increased  production  has 
lettered  the  class  of  workmen.  The  former  artisan  is  now  a specialist. 

It  is  a recognized  fact  that  atmospheric  conditions  have  a marked  effect  niton 
the  comfort  and  efficiency  of  a workman.  Thus  the  maintenance  of  proper  at- 
mospheric conditions  within  a plant  pays  big  returns  in  comfort  and  contentment 
of  the  workmen  themselves  and  in  increased  and  better  production. 

The  buffalo  Fan  System  of  Heating  and  Ventilating  is  in  successful  operation 
in  every  type  of  factory  building  and  in  connection  with  every  form  of  industry. 
A mere  list  would  take  up  more  space  than  advisable  in  this  volume  so  we  will 
content  ourselves  with  the  recital  of  just  a few  applications  as  given  below. 


Machine  Shops 


The  requirements  of  the  modern  machine  shop  are  most  admirably  met  by  the 
Buffalo  Fan  System  of  Heating  and  Ventilating.  The  modern  construction  with 
its  large  areas  of  glass  roof  and  large  single  room  volumes  presents  a very  perplex- 
ing problem  in  both  air  distribution  and  pressure  balancing.  How  successful  our 
engineers  have  been  can  lx*st  lx*  shown  by  describing  the  system  as  in  operation  at 
the  National  Acme  plant  at  Cleveland,  Ohio. 

This  plant  consists  of  a one  story  building  of  saw  tooth  construction  and 
covers  seven  and  three-fourths  acres.  This  ranks  as  one  of  the  largest  machine 
shops  in  the  world.  The  whole  floor  is  covered  very  compactly  with  automatic 
machines  for  making  bolts  and  nuts. 

The  heat  losses  from  the  side  walls  of  brick  and  glass  are  taken  care  of  by  direct 
radiation  and  the  Buffalo  System  takes  care  of  the  other  heat  losses  which  are  by 
far  the  greater  portion. 

There  are  four  sets  of  apparatus  each  consisting  of  an  exhaust  fan  returning 
air  from  the  floor  line  and  discharging  it  either  into  the  inlet  of  the  air  washer  for 
supply  or  into  the  atmosphere  through  ducts  through  the  roof,  a supply  fan  taking 
air  from  the  exhaust  fan  or  from  outdoors  as  the  conditions  require,  an  air  washer 
and  the  heater  units.  Both  fans  are  driven  by  silent  chains  from  a 12wxl4"  engine. 
The  exhaust  fans  are  provided  with  an  auxiliary  motor  drive  so  they  can  be  driven 
independently  when  the  supply  fans  are  not  in  operation.  F.ach  unit  handles  28,000 
cubic  feet  of  air  per  minute  and  has  6,720  square  feet  of  heater  surface. 

The  fresh  air  inlet  dampers  and  the  exhaust  fan  discharge  dampers  arc  auto- 
matically controlled  by  a thermostat  located  in  the  discharge  of  each  air  washer. 

A considerable  quantity  of  oil  vapor  and  fumes  are  given  off  by  the  auto- 
matic machines  and  the  apparatus  when  in  operation  keeps  the  building  remark- 
ably free  from  any  traces  of  these. 
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Dye  Houses 

The  dye  house  presents  a problem  in  ventilation  that  is  peculiar  and  distinc- 
tive. The  large  amount  of  steam  present  has  always  caused  trouble  by  condensation 
of  all  coo!  surfaces  throughout  the  building,  making  a most  undesirable  atmos- 
phere to  work  in  and  also  causing  excessive  deterioration  of  the  building  itself. 

Our  engineers  have  made  a successful  study  of  this  problem  and  the  intro- 
duction of  (he  Buffalo  Fan  System  has  made  the  dye  house  so  equipped  just  as 
livable  as  any  other  part  of  the  factory  and  removed  all  traces  of  condensation 
on  the  interior  of  the  building.  The  entire  secret  of  successful  dye  house  installation 
is  to  apply  the  correct  amount  of  air  at  the  right  place. 

This  is  accomplished  by  blowing  heated  air  into  the  room  just  alx>ve  the  dye 
vats  and  machines  and  blowing  a current  of  heated  air  along  the  surface  upon  which 
the  vapor  has  a tendency  to  condense. 

The  air  blown  across  the  vats  and  machines  dissipates  the  steam  and  the  other 
forms  a current  or  film  of  heated  air  along  the  cool  surface  so  that  the  moisture- 
laden air  is  insulated  from  these  cool  surfaces.  The  air  is  removed  by  means  of 
ventilators  in  the  roof  or  disc  fans  placed  at  various  points  in  the  walls  or  by  a 
combination  of  both  ventilators  and  fans.  By  this  method  a rapid  absorption  and 
removal  of  all  moisture  is  effected. 
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The  dye  house  of  the  Pacific  Mills  at  Lawrence,  Massachusetts  is  Buffalo 
equipped.  This  dye  house  ranks  with  the  largest  in  the  country  and  is  absolutely 
free  from  steam  and  condensation  due  to  the  efficiency  of  the  Buffalo  System. 

The  apparatus  consists  of  one  No.  12  double  width  Turbo  Conoidal  fan,  two 
No.  16  Niagara  fans  and  one  No.  19  Niagara  fan,  sixteen  48"  propellor  fans  and 
11,000  square  feet  of  Heaters. 


Paper  Mills 

Paper  Mills  present  one  of  the  most  fertile  fields  for  air  hearting,  ventilating 
and  humidifying. 

In  the  machine  room  we  have  the  cold  damp  portion  around  the  wet  end  of 
the  machine,  the  hot  humid  portion  around  the  driers  and  the  cool  portion  around 
the  calendar  end.  The  center  of  the  room  is  over-heated  while  the  ends  require 
additional  heat  to  make  them  livable.  Along  with  these  we  have  the  constant 
dripping  of  condensed  moisture  from  the  roof.  This  condensate  drops  down  upon 
the  paper  and  causes  great  loss  by  injuring  the  finished  product  in  addition  to  the 
rapid  depreciation  of  the  roof  construction.  The  grinder  rooms  are  extremely  cold 
and  damp  and  the  roof  condensation  is  also  quite  a problem. 

The  problem  met  in  paper  mills  is  similar  to  that  in  dye  houses.  Warm  air 
must  Ik-  introduced  into  the  room  without  conflicting  with  the  natural  air  current 
tendencies  and  ample  provision  must  be  made  for  exhausting  the  moisture-laden  air 
without  allowing  it  to  come  in  contact  with  the  cool  surfaces  of  the  building. 

The  S.  D.  Warren  Co.,  Cumberland  Mills,  Maine,  and  the  Fas  tern  Manu- 
facturing Co.,  at  Brewer,  Maine,  head  the  list  of  paper  mills  reaping  the  benefits 
from  Buffalo  Heating  and  Ventilating. 


Food  Product  Plants 


In  plants  where  food  products  are  handled,  the  chief  requisite  of  the  heating 
and  ventilating  apparatus  is  that  the  air  delivered  to  the  workrooms  be  absolutely 
clean.  In  addition  to  this  a uniform  atmospheric  condition  must  be  maintained, 
for  it  has  been  found  that  the  quality  of  the  product  changes  with  variations  in  the 
atmospheric  conditions  under  which  they  are  prepared.  Both  of  these  requirements 
.are  admirably  met  with  the  Buffalo  system  of  heating  and  ventilating  equipped 
with  a Carrier  air  washer.  The  effectiveness  of  the  Carrier  air  washer  is  shown  by 
the  picture  on  page  17. 


The  well  known  products  of  the  Beech  Nut  Packing  Company  at  Canajoharie, 
New  York,  are  all  prepared  and  packed  in  the  presence  of  pure,  clean  air  delivered 
by  Buffalo  Apparatus.  Not  only  i>  the  air  washed  and  heated  but  is  also  delivered 
to  each  room  at  the  exact  humidity  required  for  the  process  taking  place  in  the 
room. 


Campbell  Soups  are  also  benefited  by  Buffalo  heating  and  ventilating. 
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Railroad  Round  Houses 

Round  houses  present  a very  difficult  heating  problem  due  to  the  large  volume 
of  warm  air  carried  off  through  the  open  smoke  jacks  which  act  as  ventilators.  A 
great  amount  of  heat  is  absorbed,  too,  in  the  melting  of  the  snow  and  ice  on  the 
locomotives  and  in  the  evaporation  of  the  moisture  thus  produced.  Ample  venti- 
lation is  required  to  carry  off  the  smoke  and  gases  and  considerable  heat  is  required 
due  to  the  excessive  ventilation  requirements. 

The  usual  method  employed  is  to  draw  the  air  direct  from  outside  and  after 
passing  through  the  coils  of  the  heaters  to  distribute  the  air  by  means  of  under- 
ground ducts  discharging  into  the  pits  directly  under  the  engines.  The  outlets  are 
often  fitted  with  volume  regulating  dampers. 

This  is  very  clearly  shown  in  the  drawing  on  the  opj>osite  page.  In  addition 
to  the  outlets  in  the  pits  the  cold  outside  walls  are  taken  care  of  by  outlets 
along  some  of  the  columns  and  blowing  toward  the  cold  walls. 

The  cut  below  shows  the  Buffalo  Fan  used  for  heating  and  ventilating  the 
N.  Y.  C.  R.  R.  round  house  at  Gardenville,  N.  Y. 
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Advantages  of  the  Fan  System 

The  chief  points  of  superiority  of  the  Buffalo  Fan  System  may  be  summarized 
as  follows: 

1.  Perfect  ventilation  regardless  of  exterior  conditions. 

2.  Uniform  and  proper  distribution  of  heat. 

3.  High  efficiency  of  heating  surface  (three  to  five  times  that  of  direct 

radiation). 

4.  Greatest  economy  in  operation. 

5.  Utilization  of  exhaust  steam. 

6.  Prevention  of  cold  drafts  from  without  by  production  of  a plenum. 

7.  Independent  regulation  of  heating  and  ventilating  effects. 

8.  Great  flexibility  in  operation  to  suit  varying  conditions,  affording  a 

maximum  economy. 

9.  Ease  of  control,  which  prevents  over-heating. 

10.  Great  compactness,  affording  an  economy  of  space  and  reducing  the  cost 

of  steam  connections. 

11.  Perfect  drainage,  making  less  repairs  necessary  and  giving  a lower  rate 

of  deterioration  than  with  direct  radiation. 

12.  Low  cost  of  installation. 

13.  The  entire  apparatus  is  easily  portable  and  is,  therefore,  a permanent 

asset . 
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THE  BUFFALO  FAN  SYSTEM 


Heating,  Ventilating  and  Humidifying 


PART  THREE 


Buffalo  Apparatus 


THE  Buffalo  Fan  System  Apparatus  consists  of  a fan,  an  engine  or  motor, 
some  form  of  indirect  heating  coil,  and  a Carrier  Air  Washer  and  Humidi- 
fier. The  general  arrangement  may  Ik*  either  the  EXHAUST  or  DRAW 
THROUGH  system  in  which  the  air  passes  through  the  heater  before  reaching  the 
fan,  or  the  BLOW  THROUGH  in  which  the  fan  is  in  front  of  the  heater  and  blows 
the  air  through  the  heater  coils.  The  selection  of  the  arrangement  to  be  used 
depends  upon  the  individual  requirements  of  the  location,  each  arrangement 
having  its  own  peculiar  advantages.  The  exhaust  through  apparatus  |>ossesses  the 
advantage  of  greater  compactness  and  a more  convenient  arrangement.  On  tin- 
other  hand,  the  blow  through  apparatus  is  larger  but  occupies  a more  narrow  space. 
The  former  requires  tin-  use  of  an  exhaust  fan,  one  having  only  one  inlet,  which  is 
slightly  less  effective  than  a blower  having  two  inlets  such  as  is  used  in  the  blow 
through  type;  however,  tin-  exhauster  discharges  directly  into  the  duct  system 
without  any  reduction  in  the  velocities  of  the  heated  air  so  that  all  the  energy  of 
velocity  of  discharge  is  utilized.  The  blow  through  system  on  the  other  hand 
requires  a change  from  the  relatively  high  velocity  at  the  fan  outlet  to  a low  veloc- 
ity through  the  heater  and  back  again  to  a high  velocity  upon  entering  the  air 
duct  s which  causes  an  unavoidable  loss  in  pressure. 

Due  to  its  compactness  the  exhaust  through  apparatus  is  customarily  employed 
in  factory  buildings.  The  blow  through  apparatus  is  necessarily  used  in  public 
buildings  and  elsewhere  wherever  independent  temperature  regulation  is  demanded 
as  the  use  of  a by-pass  around  the  heater  permits  the  independent  distribution  of 
hot  air  and  tempered  air  in  any  desired  proportions. 
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Fans 

Pans  and  blowers  are  designated  by  the  position  of  the  discharge  opening  and 
are  class  ficd  as  follows: 

Top  or  bottom  horizontal  discharge,  up  or  down  blast,  and  special,  the  latter 
being  described  by  giving  the  angle  of  discharge  from  the  horizontal.  The  hand  of 
a fan  or  blower  is  determined  by  the  side  on  which  the  pulley  or  engine  is  located. 
When  facing  the  discharge  outlet,  the  fan  is  either  left  or  right  hand  according 
to  whether  the  pulley  is  on  the  left  or  right  side  as  seen  from  this  position. 

A brief  description  of  the  various  types  of  fans  manufactured  by  the  Buffalo 
Forge  Company  follows. 
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Buffalo  ( one  Fin  Buffalo  Planoidal  Fan  Whirl 


Cone  Fans 

For  the  introducing  of  cooled  or  tempered  air  into  rooms  where  no  distributing 
system  is  required  or  for  exhaust  ventilation  where  the  resistance  to  be  overcome 
is  moderate  a type  of  fan  known  as  the  cone  wheel  is  suitable.  This  special  form 
of  fan  wheel  is  used  without  a housing  and  is  shown  in  the  cut  above.  This  fan 
wheel  must  not,  however,  be  compared  with  the  disk  or  propeller  fan,  since  it  is  purely 
of  the  centrifugal  type.  Tables  of  performance  are  found  on  page  76. 


Planoidal  (Type  L) 


Buffalo  Planoidal  Fan  Typo  L 
Full  llouNing  Bottom  Horizontal  IM^hnrgc 


One  of  the  first  developments  of 
the  centrifugal  typo  of  fan  wheel  was 
the  steel  plate  fan.  In  this  fan  the 
blades  consist  of  flat  radial  plates  and 
are  few  in  number.  As  the  result  of 
extensive  experimenting  and  testing  by 
our  engineers  the  Planoidal  (Type  L) 
steel  plate  fan  was  developed  which 
was  a distinct  improvement  over  the 
old  style  steel  plate  fan.  This  fan  is 
provided  with  an  inlet  cone  on  the 
housing  and  the  proportions  of  the 
wheel,  housing,  inlets  and  outlets  were 
so  designed  as  to  materially  increase 
the  capacity  and  efficiency,  at  the  same 
time  reducing  the  power  consumption. 
Tables  giving  the  ratings  are  found  on 
pages  78  and  106. 
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Niagara  Conoidal  (Type  N)  Fans 

\\  itli  tlu-  increase  in  the  speed  of  prime  movers 
il  was  lonnd  necessary  to  design  fans  to  operate  at 
a higher  speed  and  one  of  the  marked  develop- 

Buffalo  Niagara 

Conoidal  M ullibladc  fan.  This  fan  derives  its 
from  the  prevalence  conical  sha]Hs 
design.  File  Blades  are  made  to  conform  to  the 
tapering  surface  of  a cone,  the  inlet  is  conical  and 
the  Blast  wheel  forms  the  f rust  rum 

These  characteristics  are  very  clearly  shown 
the 

Fans  from  No.  3 to  No.  6 in  size  are  made 
with  cast  iron  inlet  bearing  stand  and  cone  as 
shown  Below.  All  sizes  over  No.  6 arc  made  with 

sheet  iron  inlet  cone  and  flat  steel  Beating  standards  as  shown  in  cut  Below. 

Performance  data  will  Be  found  on 
pages  79  and  107. 

Turbo  Conoidal  Fans 

The  increasing  demand  for  air  at 
high  pressure  was  forseen  by  the  Buffalo 
Forge  Company,  and  a new  type  of 
Multiblade  fan  known  as  the  Turbo 
( onoidal  was  developed.  This  fan 
differs  from  the  Niagara  Conoidal,  only 
in  that  its  Blades  are  of  double  curv- 
ature instead  of  single  curvature.  This 
f a n is 

ered  in  the  design  of  the  Niagara  Conoidal  fan 
were  also  taken  into  account  By  our  engineers  in 
the  design  of  the  Turbo  Conoidal,  and  all  parts 
are  co-ordinated  with  the  view  of  obtaining  the 

highest  efficiency  with  the  lowest  power  con-  ^ ^ 

sumption.  Performance  tables  are  found  on  pages 
80  and  108. 

All  parts  of  the  Niagara  and  Turbo  Conoidal 
fans  have  been  designed  with  the  view  of  ob- 
taining the  liest  efficiency  under  practical  opera- 

lilltr  Conditions  Three-QnnrtPr  Housing  Niagara  Conoidal  Fan. 

IIIIK  CVFIIUIIHHIN.  Left-Hand  Top  Horizontal  l>i*rharg,- 


The  wheels.  Blades  and  hub  arc  designed  so 
that  the  air  shall  have  a smooth  easy  flow 
from  inlet  to  outlet  without  any  abrupt  change 
of  direction  at  any  point;  also,  the  width  of 
the  blade  is  so  proportioned  that  the  back 
part  cannot  take  up  any  greater  part  of  the 
air.  this  prevents  uneven  pressure  and  eddy 
currents,  and  effects  an  even  distribution  of 
the  air  over  the  entire  surface  of  the  blade. 
Our  success  in  this  design  has  Ixvn  proven  by 
practical,  tests,  and  our  standard  guarantee  is 
that  the  velocity  of  air  issuing  from  any  part 
of  the  fan  outlet  as  measured  by  a Pitot 
tube  is  not  more  than  15%  above  or  lielow 
the  average  velocity  across  the  entire  opening. 
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Turbo  Conoid*)  Fan  Wheel  Partly  Awanbled, 
Showing  Double  Curvature  of  Hlndcn 


I Mug  rain  Showing  Advantage*  of  Niagara  ami  Turbo  Conoidal  over  other  type*,  of  MulUblarie  Fan*  In  Handling  Air 
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Buffalo  Spherical  Type  Fan  Bearing 

One  of  the  prominent  features  of  Buffalo  Fan  construction  is  the  type  of  bear- 
ing used.  It  was  proven  early  in  the  history  of  fan  construction  that  the  reliability 
of  operation  of  a fan  was  in  a large  measure  determined  by  serviceability  of  the 
bearing  used. 

The  type  of  bearing  described  below  is  by  far  the  best  fan  bearing  on  the  mar- 
ket today. 


This  dust  proof  and  oil  tight  bearing  consists  of  a split  sleeve  lin  xl  with  babbitt 
and  completely  encased  in  the  bearing  housing.  The  sleeve  is  mounted  between 
spherical  surfaces  which  allows  the  bearing  to  adjust  itself  in  every  direction,  and  the 
housing  provides  a large  oil  reservoir  in  which  two  oil  rings  dip;  overfilling  is 


prevented  by  the  position  of  the  open- 
ing through  which  the  oil  is  supplied 
and  which  also  indicates  the  oil  level. 

In  the  interest  of  safety  the  thrust 
collar  is  placed  inside  the  housing,  run- 
ning against  a babbitted  shoulder; 
grooves  on  the  outside  surface  of  the 
thrust  collar  throw  off  all  oil  and 
absolutely  prevent  it  from  creeping 
along  the  shaft  and  being  drawn  into 
the  fan. 
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Selection  of  a Fan 

It  has  been  proven  both  in  theory  and  practice  that  the  length  of  blade  in  a 
straight  blade  fan  wheel  is  the  deciding  factor  in  the  pressure  obtained  at  a fixed 
rotative  speed  and  that  a curvature  of  the  blade  in  the  direction  of  rotation  tends 
to  increase  the  pressure.  Whereas  the  curvature  against  the  direction  of  rotation 
tends  to  decrease  the  pressure.  It  is  often  stated  that  the  forward  curvature  of  fan 
blades  will  increase  the  efficiency  over  that  obtained  with  radial  blades  or  backward 
curvature  blades,  this  however  is  not  true.  Each  type  is  admirably  suited  for  a 
certain  purpose;  It  has  been  found  that  short  curved  blades  require  a greater 
number  for  good  efficiency  than  blades  of  the  radial  type,  similar  to  the  steel  plate 
and  Type  1.  fans.  With  the  steel  plate  or  planoidal  fan  having  a small  number  of 
radial  blades  usually  from  five  to  twelve  depending  upon  the  size,  the  pressure  tends 
to  build  up  as  the  capacity  tails  off,  that  is,  at  a constant  speed  the  pressure  is  greater 
at  half  capacity  than  at  normal  rating.  With  the  multiblade  type,  such  as  the 
Niagara  Conoidal  having  single  curvature  blades,  the  pressure  is  developed  more  by 
change  of  direction  and  impact  of  the  blades  against  the  air,  rather  than  by  cen- 
trifugal force,  the  pressure  is  greatest  at  the  normal  load  for  which  the  fan  was 
designed  and  decreased  for  any  load,  either  above  or  below  this  normal  capacity. 
This  feature  has  been  overcome  in  the  fans  having  double  curvature  blades,  e.  g., 
the  Turbo  Conoidal  in  which  the  pressure  builds  up  as  the  capacity  falls  off,  in  this 
respect  Ixing  very  similar  to  the  steel  plate  fans.  These  points  are  very  clearly 
brought  out  in  the  characteristic  curves  of  these  various  types  of  fans  as  shown  on 
pages  81  to  83. 

From  this  it  will  be  seen  that  in  systems  where  a uniform  air  quantity  is  desired, 
whether  for  heating,  ventilating,  forced  drafts  or  drying  processes  the  steel  plate 
fan  and  turbo  conoidal  fan  will  come  nearer  giving  this  uniform  quantity  in  spite 
of  variations  in  resistance  brought  about  by  throttling  of  dampers  or  similar  con- 
ditions. On  the  other  hand,  it  is  sometimes  very  desirable  to  be  able  to  cut  down 
the  capacity  of  a fan  without  increasing  the  pressure  and  velocity,  as  for  instance, 
if  one  part  of  a building  should  be  shut  off;  in  a case  such  as  this,  the  steel  plate  fan 
would  deliver  an  increased  amount  of  air  into  the  remaining  part  of  the  system  on 
account  of  the  increased  pressure,  whereas  the  multi-blade  fan  of  the  Niagara  type 
would  be  more  sensitive  to  the  increased  resistance  and  would  fall  off  in  capacity 
due  to  this.  In  general  multi-blade  fans  of  equal  capacity  and  efficiency  require 
less  space  than  steel  plate  fans  and  have  the  advantage  of  operating  at  higher  speeds. 
% When  specifying  a multi-blade  fan  with  single  curvature  blades  extreme  pre- 
caution must  be  taken  in  designing  the  duct  system,  in  determining  the  frictional 
resistances  of  the  entire  system,  and  selecting  the  proper  speed  for  the  size  of  fan 
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Molar  Driven  (Type  D)  Pulley  Driven  (Type  D) 

Disc  Fans  (Type  D) 

The  ordinary  disk  or  propeller  fans  are  designed  for  use  where  low  pressure 
heads  are  operated  against.  This  type  of  fan  should  never  be  used  in  connection 
with  a pipe  system  but  should  discharge  directly  into  a room,  or  exhaust  from  it 
without  obstruction.  The  characteristics  of  the  Type  1)  fan  are  very  clearly  shown 
in  the  above  cuts. 

Performance  tables  are  given  on  page  77. 

Disc  Fan  (Type  CM) 

Where  a disc  fan  is  used  to  overcome  a moderate  resistance,  the  Type  CM  with 
overlapping  blades  is  recommended.  This  type  of  fan  is  used  as  a booster  in  mine 
ventilation,  or  for  producing  air  flow  in  cooling  towers  for  condensing  plants. 
The  casing  and  bearings  are  self  contained. 
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The  Carrier  Air  Washer 
and  Humidifier 

The  Carrier  Air  Washer  consists  of 
a spray  chamber,  a series  of  spray 
nozzles  and  eliminator  plates.  The  air 
is  drawn  through  the  spray  chamber 
where  ii  comes  in  intimate  contact 
with  an  atomized  spray  of  water. 

The  number  of  nozzles  is  ample 

to  insure 


aurrALo 


Feed  Pumps  and  Receivers 

The  Buffalo  Feed  Pump  and  Receiver  consists  of  a suitably  constructed  cast- 
iron  receiving  tank,  mounted  in  combination  with  a Boiler  Feed  Pump  on  a 
common  bed  plate.  The  tank  is  mounted  slightly  above  the  pump,  giving  a 
sufficient  head  of  water  above  the  suction  valves  to  insure  the  pump  always 
receiving  a full  supply  of  water. 

Within  the  tank  is  provided  a float  connected  to  a chronometer  valve  control- 
ing  the  steam  supply  to  the  pump.  Inflowing  water  causes  float  to  rise,  thereby 
opening  the  steam  supply  and  starting  the  pump.  When  the  water  level  has  been 
lowered,  the  float  automatically  cuts  off  the  steam.  In  this  way  the  condensation 
water  is  returned  to  the  boiler  as  fast  as  it  accumulates. 

A Buffalo  Vertical  Centrifugal  Condensation  return  pump  in  its  scheme  of 
operation  is  similar  in  every  way  to  the  ordinary  horizontal  shaft  outfit  except, 
that  the  pump  is  vertical  and  submerged  within  the  receiver.  The  motor  is  con- 
trolled by  means  of  a ten-inch  seamless  copper  float,  operating  a float  switch. 
This  style  of  design  is  more  convenient  in  many  installations  as  it  avoids  pro- 
viding large  pit  to  carry  the  pump  in  order  to  get  it  sufficiently  low  to  admit 
gravity  drainage. 


Interior  of  Carrier  Air  Waaftirr 


lips  crimped  into  the  plates  and 
leaves  the  washer  with  the  exact 
amount  of  moisture  as  predeter- 
mined by  conditions  of  tempera- 
ture and  humidity. 

Turn  back  to  page  17  and 
see  the  five  pails  of  dirt  removed 
by  the  Carrier  Air  Washer  in 
Public  School  No.  6,  Brooklyn, 
New  York. 

Data  relative  to  the  sizes  and 
capacities  of  the  Carrier  Air  Washer 
and  Humidifier  will  lx*  found  on 
pages  84  to  95. 


Flooding  Nozzles  and  Him  inn  tor* 
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I The  Buffalo  Standard  Heater 

The  Buffalo  Fan  System  Pipe  Coil  Heater  has  been  designed  to  meet  the 
If  peculiar  requirements  found  in  forced  ventilation  and  also  to  secure  the  maximum 
effectiveness  in  connection  with  such  work. 


First:  A perfect  circulation  of  the  steam  is  obtained  which  removes  all  air 

from  the  coils,  carrying  it  to  a single  chamber  in  the  base  from  which  it  is  easily 
removed  through  the  exhaust  connections.  Air  binding,  the  greatest  enemy  of 
radiation  efficiency,  is  thus  prevented. 


Second : The  heater  is  so  arranged  to  insure  perfect  drainage.  The  design  of 
the  base  allows  no  opportunity  for  pocketing  of  water,  and  the  pipes  are  immedi- 
ately relieved  of  all  condensation,  thus  avoiding  any  chance  of  damage  by  freezing. 
The  drain  ports  are  made  large  to  allow  for  an  unusually  rapid  condensation  with- 
out choking  and  filling.  This  feature  allows  the  coil  to  be  used  over  a great  range 
of  radiation. 


Third:  The  pro|>ortion  of  the  air  passages  between  the  coils  is  so  designed  as 

to  secure  the  highest  efficiency  of  radiating  surface  and  the  lowest  resistance  to 
air  flow.  In  this  respect  the  air  is  brought  in  intimate  contact  with  all  parts  of  the 
heating  surface  and  a uniform  and  maximum  velocity  of  air  is  maintained  through- 
out the  coil.  The  velocity  of  the  air  is  a determining  factor  in  the  rate  of  heat 
transmission,  this  being  conclusively  shown  in  the  curve  on  page  73,  this  curve 
being  derived  from  data  obtained  from  actual  tests  made  on  Buffalo  Coil  Heater. 
By  maintaining  uniform  velocity  through  the  heater  any  unnecessary  loss  of  pres- 
sure due  to  changes  in  velocity  is  prevented. 

Fourth:  Fach  section  is  indei)endently  connected  to  the  steam  main  and  the 

steam  supply  controlled  by  valves  so  that  as  few  or  as  many  sections  as  desired 
may  be  in  operation  giving  the  operator  a convenient  and  absolute  control  of  air 
temperature  and  heater  effect.  By  this  method  of  connection  any  section  may  lie 
removed  for  repairs  without  interfering  with  the  operation  of  those  remaining.  This 
construction  also  enables  the  use  of  live  steam  in  a number  of  sections  and  exhaust 
steam  in  the  remaining,  or  live  and  exhaust  steam  maybe  introduced  in  any  one 
section  at  the  same  time. 


The  condensation  and  heating  capacity  from  a given  amount  of  properly 
designed  radiation,  is  from  three  to  five  times  greater  with  a forced  circulation  of 
air  than  in  ordinary  radiation.  It  can  readily  be  seen  that  a heater  designed  for  a 
fan  system  must  provide  for  positive  and  rapid  condensation  in  order  that  the  coils 
may  be  invariably  hot.  This  condition  is  admirably  met  with  the  Buffalo  Heater. 
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Kclurn  Ilcnd  Heater 


information  will  be  found 
very  useful  for  use  in  in- 
dustrial heating  and  ven- 
tilating work.  All  Buffalo 
Heater  Sections  are  made 
with  four  rows  of  pipes. 
From  the  table  on  page 
96  it  will  be  seen  that 
the  size  and  number  of 
pipes  vary  over  wide 
limits  so  that  it  is  readily 
possible  to  obtain  a size 
of  heater  to  meet  prac- 
tically any  requirements. 
When  an  apparatus  is 
required  having  a clear 
area  through  the  coils 
greater  than  the  largest 
heater  shown  in  this  table, 
two  smaller  coils  may  be 
chosen  and  placed  back 
to  back,  this  arrangement 
can  be  further  extended, 
and  a triplex  arrangement 
of  three  groups  used. 
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Vento  Heaters 

The  Vento  low  pressure  cast  iron 
heater,  which  is  very  clearly  illus- 
trated in  the  cuts,  is  designed  espe- 
cially for  use  in  the  fan  and  blower 
work.  These  heaters  arc  made  in 
sections  of  various  heights  and  widths 
which  may  be  assembled  so  as  to 
make  a heater  of  any  desired  size 
and  depth.  Ratings  are  found  on 
page  104. 

Indirect  Heaters 

It  is  sometimes  desirable  to  lo- 
cate the  fan  outside  of  the  building 
to  be  heated,  either  in  the  power 
house  or  a specially  built  apparatus 
room.  If  the  distance  is  considerable 
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it  will  be  found  more  economical  to  place  the  heater  unit  in  the  building  itself,  carry- 
ing the  unheated  air  over  the  intervening  space  rather  than  heating  it  before. 

For  special  indirect  heating  work  where  the  fan  and  heater  are  placed  some 
distance  apart  a larger  base  is  used  for  the  heater  than  when  used  in  close  proximity 
to  the  fan.  The  table  following  will  give  the  details  of  the  various  sizes  of 
indirect  heaters  built  by  this  company.  Under  the  heading  of  "Size”  the  first 
row  of  figures  gives  the  numbers  of  pipes  across  the  steam  supply  and  drip  ends, 
and  the  second  column  the  number  of  pipes  in  the  length  of  the  coil.  Cast  iron 
manifold  bases  are  used  as  in  the  regular  fan  system  heater,  however  the  steam  and 
exhaust  connections  are  on  opposite  ends  of  the  manifold  instead  of  on  the  fan  and 
as  in  the  fan  system  heater,  this  enables  the  heater  to  be  used  in  either  an  upright 
or  horizontal  position  according  to  the  requirements.  These  heaters  are  known  as 
the  solid  base  type,  the  base  l>eing  divided  into  two  chambers  by  means  of  a dia- 
phragm which  compels  the  steam  to  flow  evenly  through  all  pipes.  These  coils  are 
designed  for  the  use  of  either  live  or  exhaust  steam,  being  effectively  applicable  for 
low  pressures. 


Actual  lineal  feet  one-inch  pipe  in  each  section 
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Buffalo  Steam  Engines 

During  many  years  of  constant  service  in  the  building  of  engines  it  has  been 
possible  to  bring  the  Buffalo  Engine  to  a high  state  of  perfection.  Those  who 
have  directed  its  growth  have  aimed  at  the  development  of  a simple,  economical 
and,  above  all.  a substantial  engine,  built  in  several  types,  each  suited  to  its  indi- 
vidual work.  The  limitations  of  floor  spaces  and  heights,  together  with  different 
engineering  practice  in  mills  and  power  plants,  have  been  met  with  appropriate 
designs  which  evince  a careful  consideration  of  all  the  requirements. 

The  design  of  a steam  engine  calls  for  a series  of  compromises.  To  make  these 
compromises  in  favor  of  the  most  beneficial  results  is  the  evolution  of  the  best 
engine  design,  and  to  carry  out  these  plans  in  a shop  is  the  evolution  of  the  best 
engine.  Thus  it  is  that  the  Buffalo  Engine  has  a piston  valve  and  bored  guides, 
that  the  connecting  rod  has  a small  angularity,  that  the  eccentric  strap  and  simple 
transmission  of  its  motion  are  used. 

The  very  great  extent  of  the  use  of  the  high-speed  automatic  steam  engine 
makes  it  applicable  to  almost  any  service;  and  appreciating  the  fact  that  there  is 

a demand  for  these  engines  of  very 
compact  design,  giving  great  power  in 
small  space,  the  construction  of  the 
Buffalo  Engine,  which  has  been  on  the 
market  for  years,  has  been  constantly 
improved,  and  now  represents  a per- 
fected engine.  They  are  designed  to 
operate  with  the  highest  degree  of 
economy.  These  engines  will  furnish 
under  the  most  exacting  conditions 
satisfactory  and  reliable  power. 

Tables  of  horsepowers  and  dimen- 
sions are  given  on  page  105. 
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Gas  and  Coal  Heaters 

This  company  has  been  very  successful  in  the  installation  of  several  large 
heating  plants  where  the  heat  generated  by  the  combustion  of  coal  or  natural  gas 
is  transferred  direct  to  the  air  used  for  heating  and  ventilating  without  the  use  of 
an  intermediate  medium  such  as  water.  The  heater  used  in  this  connection  resem- 
bles a horizontal  water  tulx*  lxiiler,  each  heater  consisting  of  a bank  of  iron  boiler 
tubes  expanded  into  a heavy  tube  sheet  at  each  end.  These  tubes  are  set  in  a brick 
housing  similar  to  a boiler  and  the  products  of  combustion  passed  through  the  tulx*s 
while  the  air  to  be  heated  is  passed  around  the  tubes.  The  furnace  and  com- 
bustion chamber  in  the  housing  is  so  designed  that  complete  combustion  will 
occur  before  the  gases  reach  the  tubes,  and  thus  the  greatest  |x>ssible  amount  of 
heat  is  available  for  transmission  to  the  air  to  be  heated. 

Heaters  of  (his  type  are  in  successful  operation  at  the  American  Rolling  Mills, 
Middletown,  Ohio.  In  these  heaters  the  hot  gases  at  the  back  of  the  combustion 
chamber  at  a temperature  of  3000°  F.  are  mixed  with  two-thirds  of  the  exhaust 
gases  taken  from  the  front  breeching  and  this  resulting  mixture  is  forced  through 
the  tubes  by  means  of  a fan.  This  has  been  found  to  be  the  most  economical  pro- 
cedure. The  gases  coming  directly  from  the  combustion  chamber  are  too  hot  to 
be  introduced  into  the  tubes  without  some  cooling  and  in  the  method  above  described 
no  loss  of  heat  is  entailed.  The  pure  air  for  distribution  through  the  building  is 
drawn  through  the  clear  area  around  the  outside  of  the  tubes  and  then  forced 
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through  the  duct  system  by  means  of  another  fan.  The  heaters  mentioned  above 
have  been  tested  and  show  an  average  operating  efficiency  of  85%  without  con- 
sidering radiation  losses.  In  many  places  the  heating  efficiency  obtained  by  this 
method  makes  it  advisable  to  use  gas  or  coal  heaters  instead  of  steam  boilers. 
Stokers  have  been  used  with  great  success  in  heaters  of  this  type. 
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Motor  Driven  Fans 

We  have  found  it  advisable  in  most  cases  to  install  engine  driven  fans,  pre- 
ferably direct  connected,  this  method  being  most  economical  and  permits  of  a 
wide  speed  variation.  There  are  however,  innumerable  cases  where  the  steam 
pressure  necessary  to  operate  the  engine  is  not  available,  or  the  location  desired 
for  the  fan  apparatus  is  such  that  as  little  attention  as  possible  shall  be  required 
for  its  operation ; in  cases  such  as  these  motor  drive  affords  the  solution  and  special 
fan  designs  have  been  made  for  use  in  connection  with  motors.  A motor  base  is 
constructed  in  connection  with  the  fan  housing,  either  of  a heavy  cast  iron  one- 
piece  box  construction  or  built  up  of  heavy  sheet  iron  and  reinforced  with  angles. 
The  base  is  stiffened  across  the  interior  by  ribs  if  made  of  cast  iron,  or  heavy  angle 
braces  in  the  built  up  construction  and  made  with  rounded  corners  thus  com- 
bining the  necessary  strength  with  a pleasing  appearance.  I n the  case  of  the  smaller 
size  of  fans  with  one  inlet  the  fan  wheel  may  be  overhung  on  the  motor  shaft, 
which  is  extended  for  this  purpose;  however,  it  is 
preferable  to  list'  a coupling  and  place  a bearing  on  the 
side  of  the  fan  farthest  from  the  motor.  Wherever 
alternating  current  is  list'd,  the  high  speeds  at  which 
the  regular  motors  run,  make  it  impossible  to  use  a 
direct  connected  unit  for  heating  and  ventilating  work, 
except  in  very  rare  cases.  For  direct  current,  motors 
may  lx*  obtained  for  any  desired  speed,  and  although 
a slow  spet  d motor  is  more  expensive  than  a high  speed 
motor  of  the  same  power,  the  advantage  gained  is 
sufficient  to  warrant  the  adoption  of  the  slow  speed 
motor  except  in  the  largest  sizes  of  ventilating  fans 
which  operate  to  lxjst  advantage  at  slow  speeds. 


Kan  Overhung  on  Motor  Shaft 
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THE  BUFFALO  FAN  SYSTEM 

OF 

Heating, Ventilating  and  Humidifying 

PART  FOUR 

THE  Buffalo  Forge  Company  takes  great  pride  in  its  hand  book  “Fan  Engi- 
neering” which  is,  without  exception,  the  authority  in  its  field.  The 
following  subject-matter  and  data  has  been  condensed  from  the  text  of 
this  hand  lxx>k  and  the  reader  is  referred  to  it  for  a complete  discussion  of  the 
various  principles  involved. 

Relation  of  Velocity  to  Pressure 

The  laws  governing  the  flow  of  air  are  less  understood  than  any  other  branch 
of  engineering.  The  flow  of  air  under  high  pressure  must  lx?  investigated  thermo- 
dynamically and  the  formulae  are  therefore  complicated. 

For  low  pressures  such  as  are  met  with  in  ordinary  fan  work  very  little  error 
is  introduced  by  applying  the  same  formulae  to  the  flow  of  air  as  to  the  flow  of  water. 
The  basic  formula  for  such  calculations  is 


V*  = y 2 gh  <>r  V = 60  y 2 gh 
where 

Vs  = velocity  in  ft.  per  second. 

V = velocity  in  ft.  per  minute, 
g = acceleration  due  to  gravity  in  feet  per  second, 
h = Head  in  feet  causing  the  flow. 

We  also  have 

u * h'  ■ m 

where 

h'  = head  expressed  in  inches  of  water, 
d = density  of  water. 

W *■  weight  of  air  in  pounds  per  cubic  foot. 

Then  with  dry  air  at  70°  F and  29.92"  Barometer,  weighing  0.07495  lbs.  jxt 
cu.  foot. 

<»  = 6231  = 69. ^8 

12  VV  12x0.07495 

and  we  have 

V = 60  . 2 uh'  d - 4005 . 1 h' 

\ **  12  W \ n 

From  this  we  see  that  the  velocity  due  to  one  inch  of  water  at  standard  con- 
ditions for  air  will  be  4005  feet  i>er  minute  and  for  a pressure  of  one  ounce  per 
square  inch  will  be  \ 

4005  y 1.754  = 5275  ft.  per  minute 

The  following  tables  give  the  pressure  and  velocity  for  air  first,  at  constant 
temperature  of  70°  and  second,  at  various  temperatures. 
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Corresponding  pressures  and  velocities  of  dry  air  at  70°  and 
29.92  inches  barometer 


Inches 

Ounces 

Velocity 

Inches 

Ounces 

Velocity 

of  Water 

per  Sq.  In. 

Ft.  per  Min. 

of  Water 

per  Sq.  In. 

Ft.  per  Min. 

.05 

.0289 

890 

4 77 

2.750 

8745 

.10 

.0577 

1200 

5.00 

2.884 

8943 

.20 

.1154 

1791 

5.20 

3.000 

9134 

.25 

. 1443 

2003 

5.50 

3 . 172 

9392 

.30 

.1730 

2193 

0.00 

3. 160 

ns  io 

.40 

.2308 

2533 

6 07 

3.500 

9S0I 

.43 

.2500 

2037 

6.50 

3.749 

10210 

.50 

.2884 

2832 

6.94 

4.000 

10545 

.00 

.3400 

3102 

7.00 

4.037 

10595 

.70 

.4037 

3351 

7.50 

4 320 

10968 

.75 

.4320 

346$ 

7.80 

4.500 

1 1 187 

.80 

.4014 

3582 

8.00 

4 014 

11328 

.87 

.5000 

3729 

8.07 

5.000 

11792 

.90 

5100 

3800 

9.00 

5 1!K) 

12015 

1.00 

.5708 

4005 

9.54 

5.500 

12307 

1.25 

.7209 

4478 

10.00 

5.708 

12065 

1.30 

.7500 

4560 

10.40 

6.000 

12915 

1.50 

.8650 

4905 

11.00 

0 344 

13282 

1.73 

1 .0000 

5273 

11.27 

6.500 

13445 

1 .75 

1 .0092 

5298 

12.00 

0 921 

13875 

2.00 

1 . 1535 

5664 

12.14 

7.000 

13950 

2.17 

1 2500 

5S95 

13.00 

7.497 

14440 

2.25 

1.2975 

6007 

13  87 

8.000 

14913 

2.50 

1.4418 

6332 

14  00 

S.074 

11985 

2.00 

1 5000 

0457 

15.00 

8.650 

15510 

2.75 

1.5860 

0041 

15.61 

9.000 

15820 

3.00 

1.7300 

6937 

10.00 

9.227 

16020 

3.03 

1.7500 

0970 

17.00 

9.805 

16513 

3.25 

1 8740 

7220 

17.34 

10.000 

10075 

3.47 

2.0000 

7457 

18.00 

10  380 

10990 

3.50 

2.0185 

7492 

19.00 

10  960 

17456 

3.75 

2.1030 

7756 

19.07 

11.000 

17488 

3.00 

2.2600 

7910 

20.00 

11  535 

17910 

4.00 

2.3070 

8010 

20.81 

I 2 . 000 

18205 

4.25 

2 4510 

8250 

22  54 

13.000 

19012 

4.34 

2.5000 

8337 

24.28 

14.000 

19730 

4.50 

2.5950 

8496 

26  01 

1 5 . 000 

20420 

4.75 

2.7395 

8729 

27.74 

10.000 

21090 

Corresponding  velocity  for  dry  air  at  various  pressures  and  temperatures  and 

29.92  inches  barometer 


Pressure 

Inches  Ounces 

50® 

OO® 

70® 

100° 

150° 

300® 

500* 

550° 

.25 

.1143 

1965 

1980 

2003 

2050 

2149 

2399 

2096 

2895 

.5 

.2884 

2778 

280$ 

2832 

2911 

3038 

3391 

3812 

4095 

.75 

.4320 

3102 

3439 

3408 

3505 

3720 

4153 

4008 

5020 

1.0 

.5768 

3929 

3971 

4006 

4117 

4296 

4790 

5390 

5795 

1 .25 

.7209 

4393 

4440 

4478 

4002 

1804 

5302 

6027 

0470 

irso 

..$050 

4812 

4864 

4906 

5042 

5202 

5874 

0tU)2 

7 100 

1.75 

1 0092 

5197 

5254 

5298 

5440 

5683 

0344 

7131 

7055 

2.00 

1 . 1535 

5556 

5010 

5064 

5822 

6076 

6783 

• 7024 

8196 

2 . 26 

1 2975 

5892 

5956 

6007 

0174 

0443 

7193 

8085 

SOSO 

Some  writers  have  endeavored  to  correct  for  the  effect  of  compression  by 
introducing  certain  constants  in  the  above  formulae  but  the  results  obtained  by 
the  use  of  these  formulae  are  more  in  error  than  when  the  equations  given  above 
arc  used. 

To  obtain  a more  correct  formula  which  will  apply  to  higher  pressures  up 
to  one-half  of  an  atmosphere,  we  may  assume  the  air  is  discharged  under  isothermal 
expansion,  when  we  obtain  the  formula 


where 


(a)  V„ 


\ T \ 


logio 


Po+  P 
Po 


P0  = the  barometric  pressure  in  pounds  per  sq.  in. 

P = the  pressure  of  the  air  above  atmospheric  pressure  expressed  in  inches 
of  mercury. 

d =*  the  density  in  pounds  per  cu.  ft. 

If  a more  exact  expression  is  required,  which  allows  for  the  adiabatic  expan- 
sion, the  thermodynamic  equation  is  used  which  gives 


Vo 


109.2 


This  latter  formula  is  inconvenient  in  ap- 
plication, and  varies  so  little  from  formula  (a) 
with  pressures  under  one  pound  per  square  inch 
that  formula  (a)  is  always  preferable. 

Measurement  of  Air  Flow 

The  quantity,  velocity  and  pressure  of  air 
discharged  by  a fan  or  flowing  through  a pipe 
may  lie  determined  by  various  methods. 

The  anemometer  is  used  where  extreme 
accuracy  is  not  required  or  where  the  velocity 
of  the  air  is  low  as  in  the  duct  or  register  enter- 
ing a room. 

Friction  of  Piping 


A subject  of  great  practical  importance  in 
fan  work  is  the  loss  of  pressure  by  friction  in 

conveying  air  through  piping.  The  expression  for  the  flow  of  air  in  smooth  circular 
metal  pipes  may  be  taken  as  approximately 


F = 


1 

50d 


/ V y 
V 4005  / 


where 

F = the  loss  of  pressure  in  inches  of  water. 

V = the  velocity  in  feet  per  minute. 

1 = the  length  of  the  pipe  in  feet.  I 

d = the  diameter  of  the  pipe  in  feet,  l.e.  = length  of  the  pipe  in 
\ diameters. 


From  this  formula  it  will  be  seen  that  50  diameters  of  smooth  pipe  produce 
a loss  which  corresponds  to  the  velocity  head.  This  formula  is  of  the  same  general 
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form  developed  by  Weisbach  but  recent  ex  [X*ri  merits  have  shown  his  coefficient 
to  be  considerably  too  high  for  smooth  pi[X‘  and  in  this  formula  it  has  been  corrected 
accordingly.  For  pipes  with  rough  or  uneven  surfaces  the  coefficients  must  lx* 
decreased  accordingly.  For  tile  anil  brick  ducts  we  recommend  that  the  coeffi- 
cient be  decreased  25%. 

The  tables  of  pipe  friction  below  will  be  found  very  useful  in  estimating 
friction  losses. 


lh 

III 

<3 

LOSS  OF  PRK88URE 

l*KK  100  FT.  IN 

1 NCIILS  OF  WATER 

PIAMKTKK  OF  PIPE  IN 

IXCIIK8 

6 

3 In. 

4 in.  fi  in. 

6 in. 

7 in.  1 

8 in. 

9 in. 

10  in. 

12  in. 

I I in. 

ir»  in. 

18  in. 

!f0  in. 

22  in. 

300 

.026 

.019  .010 

.012 

.010 

.009 

.008 

.007 

.007 

.005 

.005 

.(MM 

,<X)3 

.003 

300 

.057 

.043  .035 

.029 

.024 

.023 

.019 

.017 

.014 

.012 

.010 

.010 

.009 

.INF.) 

-too 

.102 

.070  .002 

.050 

.013 

.038 

.083 

.031 

.020 

.022 

.019 

.017 

.1)10 

.014 

500 

.1111 

.120  .097 

.080 

.069 

.(Nil 

.054 

.049 

.01(1 

.035 

.029 

.027 

.024 

.022 

(MM) 

.231 

.173  .139 

.110 

.099 

.087 

.070 

.069 

.057 

.050 

.1)43 

.038 

.035 

.031 

TIN) 

.314 

.230  .189 

.158 

.135 

.118 

.101 

.094 

.078 

.INK 

.059 

.052 

.017 

.(M3 

SIN) 

.411 

.309  240 

.206 

.177 

.154 

.137 

.123 

.102 

.088 

.1)7(4 

,<Hi9 

.062 

.056 

•MX) 

.520 

.390  .312 

.260 

.224 

.194 

.173 

.150 

.130 

111 

.1)97 

.087 

.078 

.071 

1000 

.042 

.482  .385 

.321 

.270 

.241 

.213 

.192 

.160 

.137 

.120 

.108 

.097 

.088 

1500 

1.444 

1.083  .807 

.723 

.619 

.541 

.482 

.434 

.301 

.312 

.277 

.243 

.225 

.198 

•JINN) 

2.508 

1.927  1.542 

1.286 

1.101 

.‘Nil 

.855 

.770 

.642 

.550 

.482 

.428 

.385 

.350 

2500 

4.013 

3.004  2.409 

2.006 

1.748 

1.505 

1.337 

1.205 

UNM 

.860 

•/ 

.669 

.603 

.548 

MINN) 

5.774 

4.335  3.408 

2.890 

2.478 

2.168 

1.927 

1.734 

1.444 

1.238 

1.084 

.964 

.867 

.789 

3500 

7.872 

5.902  4.722 

3.820 

3.373 

2.956 

2.624 

2.300 

1.966 

1.685 

1 .476 

1.311 

1.179 

1.073 

IIMM) 

10.270 

7.71X1  0.100 

5.138 

4.405 

3.853 

3.425 

3.083 

2.568 

2.202 

1.926 

1.713 

1.542 

1.401 

4500 

1 3.1X15 

9.754  7.803 

6.500 

5.573 

4.878 

4.335 

3.728 

3.251 

2.787 

2.438 

2.168 

1.951 

1.774 

6000 

16.055 

12.051  9.634 

8.084 

6.880 

5.934 

5.351 

4.852 

4.014 

3.440 

3.010 

2.070 

2.409 

2. 11X) 

5500 

20.043 

14.577  11.656 

9.713 

8.340 

7.288 

0.477 

5.827 

4.857 

4.162 

3.042 

3.237 

2.913 

2.648 

(KNX) 

23.120 

17.310  13.871 

11.561 

9.90S 

8.670 

7.7<X> 

0.936 

5.780 

4.985 

4.335 

3.853 

3.468 

3.152 

• « 


# % 


Ih 

III 

Is! 


LOSS  OF  FRRWl'KE  PUB  100  FT.  IN  INCURS  OF  WATKII 


IIIAMF.TKR  OF  PIPE  IN  INCHES 


>S 

21  in. 

20  in. 

2$  in. 

:*(>  in. 

S4  in. 

:ts  in. 

42  in. 

4ft  in.  50  in. 

51  in. 

58  in. 

B2  in. 

200 

.00322 

.00296 

.00274 

.00257 

.00225 

.00205 

.1X1184 

.00166  .00156 

.001:59 

.00139 

.00121 

300 

.00711 

.(XKHiS 

.00619 

.00577 

.00510 

.00156 

.001 13 

.1X1376  -IN  (347 

.1X1329 

.00295 

.00277 

4(X> 

.01281 

01  - 

.01090 

.01025 

.00905 

.00810 

.00732 

.(XHMiS  (Nil  107 

.00572 

.00538 

.00486 

500 

.02005 

.01850 

.01719 

.01604 

.01415 

.01266 

.01 146 

.01046  .00951 

.00884 

.1X1815 

.00763 

INN) 

.02890 

.02867 

.02476 

.02311 

.02039 

.01826 

.01651 

.01491  .01387 

.01283 

.01179 

.01 127 

700 

.03929 

.03628 

.03388 

.08144 

.02773 

.02481 

.02245 

.02046  .01873 

.01751 

.016.511 

.01526 

800 

.05134 

it  17 » 1 

.04401 

.04108 

.03624 

.03243 

.02934 

.02670  .02462 

.02289 

.02133 

.01994 

•MN) 

.06503 

.06003 

.05571 

05202 

.04590 

.imixi 

.03716 

.03399  .03121 

.02878 

.02688 

.02514 

1INN) 

.08021 

.07404 

.60876 

.(Nit  17 

.05661 

.05067 

.04583 

.04214  .03850 

.08555 

.03312 

.03104 

1500 

.18064 

.10677 

.15482 

.14450 

.12750 

.11409 

.10320 

.1X1427  .08653 

.08010 

.07473 

.06988 

21 NN) 

.32105 

.29638 

.27271 

.25451 

.22460 

.21X1!  12 

.18182 

.16732  .15117 

.14270 

.13282 

.12415 

2500 

.50129 

.4631X1 

12905 

. 10120 

.35402 

.31678 

.28600 

.28167  .24069 

.22281 

.20740 

.19403 

3000 

.72250 

.66695 

61920 

.578(H) 

.51000 

.45631 

.41270 

.37680  .34681 

.32096 

.29895 

.27970 

3500 

.98330 

.90761 

.81282 

.78661 

.60115 

.62102 

.56190 

.51295  .17181 

.43700 

.40680 

.38051 

4INN) 

1.28-11 

1.1883 

l.llHMi 

1.0274 

.90650 

.81111 

.73381 

.66985  .61575 

.57066 

.53131 

.49696 

4500 

1.6257 

1.5051 

1.8904 

1.3050 

1.1476 

1.0287 

.92899 

84809  .78032 

.72135 

.157106 

.62925 

51  NN) 

2.0068 

1.8525 

1.7201 

1.5986 

1.4166 

1.2309 

1.1467 

1.0462  .96337 

.89178 

.83022 

.77666 

55IX) 

2.4284 

2.2411 

2.0814 

l 9126 

1.7140 

1.5318 

1.3873 

1.2667  1.1654 

1.0791 

1.0016 

.93980 

OIK  XI 

2.891  X) 

2.6611 

2.4771 

2.3121 

2 09)2 

1 .8252 

1 .6473 

1.5078  1.3872 

1.2844 

1.1947 

1.1167 
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Sizes  of  Main  and  Branch  Pipes 

Most  published  rules  involve  arbitrary  constants  and  tables  without  giving 
the  basic  formula  or  reasons  in  determining  flue,  register  and  pipe  sizes.  The 
most  efficient  arrangements  can  be  made  only  when  the  hypothesis  of  calculation  is 
understood.  The  essential  data  is  here  given  and  while  its  application  requires 
more  than  merely  taking  sizes  from  tables,  the  whys  and  wherefores  are  known, 
and  in  this  knowledge  there  is  considerable  satisfaction. 

The  piping  systems  for  industrial  buildings  and  those  for  public  buildings  are 
figured  according  to  two  distinct  methods.  In  industrial  buildings  the  problem 
is  chiefly  to  convey  the  heat  units  with  as  great  an  economy  of  power,  material 
and  space  as  possible,  while  in  public  buildings  there  are  the  additional  require- 
ments of  freedom  from  noise  and  prevention  of  drafts.  In  industrial  buildings  the 
air  is  usually  conveyed  through  one  or  two  main  lines  extending  lengthwise  of  the 
building,  the  areas  of  such  pipes  decreasing  as  they  extend,  to  give  a uniform 
distribution  of  air  throughout.  On  the  other  hand  in  public  buildings,  individual 
ducts  are  carried  from  the  apparatus  to  each  room,  so  that  it  is  evident  the  same 
method  is  not  applicable  to  both  systems. 


Proportioning  Pipes  in  Industrial  Buildings 

In  proportioning  the  main  and  branch  pipes  in  industrial  buildings,  the  primary 
aim  is  to  seep  re  as  uniform  a distribution  as  possible  without  the  necessity  of 
damping;  secondly,  to  secure  economy  of  power  and  economy  of  material.  It  has 
been  found  good  practice  in  proportioning  piping  systems  to  decrease  the  velocity 
in  the  main  pipes  as  the  air  quantity  decreases.  This  principle  of  proportioning 
has  three  advantages. 

First:  It  utilizes  the  velocity  of  the  air  in  producing  static  pressure  in  the 

system. 

Second:  By  this  means  a nearly  uniform  static  pressure  may  lx.*  secured  in 

all  parts  of  the  pipe  line,  giving  a very  uniform  distribution  of  air  throughout. 

Third:  It  reduces  the  friction  in  the  smaller  pipes,  which  would  otherwise  be 

excessive. 

In  carrying  out  this  idea  in  the  proportioning  of  the  piping  this  company 
employs  an  original  and  accurate  method.  This  method  has  been  carefully  tested 
and  has  been  found  to  give  an  almost  ideal  distribution;  the  principle  involved  is 
to  so  proportion  the  velocities  in  the  various  pipe  sizes  as  to  give  equal  friction  in  all 
air  pipes  per  running  foot  regardless  of  their  size.  It  may  easily  be  shown  that  the 
equation  which  relates  the  carrying  capacity  of  pipe  to  its  size  to  suit  this  con- 
dition is 

/ Cj  \ lb 

<1.  " VC',7 


Where  d,  and  d2  are  the  relative  diameters  of  two  pipes  and  C,  and  C,  are  the 
relative  carrying  capacities.  As  an  equation  in  this  form  would  be  difficult  of  com- 
putation, the  chart  on  page  64  is  conveniently  employed.  In  using  this  chart  we 
start  with  the  main  pipe  equal  in  area  to  the  fan  outlet,  or  10  to  20%  larger  as  cir- 
cumstances may  require.  All  sizes  are  proportioned  directly  from  this  main  pipe 


Page  62 


Page  63 


DIAMETER 


Fan  System  of  Heating,  Ventilating  and  Humidifying 


size.  It  will  be  noted  that  the  curve  is  plotted  for  per  cent,  capacity  and  for  per 
cent,  diameter  according  to  the  formula  for  constant  friction  per  foot  of  length. 
For  instance  if  we  have  a branch  pipe  which  is  required  to  carry  50%  of  the  capa- 
city of  the  main  pipe,  we  find  the  point  on  the  curve  which  corresponds  to  50% 
capacity  and  which  gives  a corresponding  point  of  76%  diameter;  that  is,  a pipe 
to  carry  50%  of  the  capacity  with  the  same  friction  per  foot  must  have  76%,  of  the 
diameter,  which  may  be  easily  calculated  or  be  read  directly  from  the  tables  for 
various  pipe  sizes  on  page  113.  It  will  Ik-  seen  that  straight  lines  arc  drawn  for 
pipe  sizes  from  20"  up  to  80"  in  diameter.  Supposing  the  size  of  the  main  pipe  is 
60"  in  diameter,  then  following  from  left  to  right  along  the  line  of  76%  diameter 
to  the  line  of  60"  pipe  we  find  from  the  scale  above  a diameter  of  46",  which  is  the 
size  of  pipe  which  has  half  the  capacity  of  60"  pipe  with  the  same  friction  per  foot. 
By  this  method  the  sizes  may  be  read  off  rapidly  without  any  intermediate  figuring 
whatever. 
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Application 

Take  the  following  example  which  shows  the  method:  Let  the  main  pipe  from 
the  fan  be  48"  in  diameter  and  suppose  a straight  duct  having  ten  equal  outlets. 
The  first  section  of  piping  is  48",  the  second  section  has  a capacity  of  90%,  the 
third  section  80%,  the  fourth  70%,  and  so  on;  corresponding  to  90%  we  find  a 
diameter  of  96%  which  for  a 48"  pipe  gives  us  46"  for  the  second  section.  For  the  third 
section  we  have  80%  capacity  corresponding  to  91%  diameter  or  again  following 
from  left  to  right  to  the  48"  line,  we  find  a diameter  of  approximately  44".  For  the 
fourth  section  we  have  70%  capacity  with  a corresponding  pipe  size  of  8632%  of 
the  main  pipe  and  a diameter  of  between  41"  and  42",  determined  as  before.  For 
the  last  section  we  have  10%  capacity  or  40%  diameter  which  gives  a diameter  of 
between  19"  and  20".  The  outlets  may  of  course  be  proportioned  independently; 
the  same  is  true  of  exceptionally  long  branches  which  after  having  been  figured  in 
the  ordinary  way  should  be  increased  by  a certain  percentage  throughout  as 
judgment  may  determine,  to  decrease  the  friction. 

Determination  of  Friction 

For  perfectly  smooth,  straight  galvanized  iron  pipe  it  has  been  found  as  stated 
alxive  that  the  loss  of  pressure  in  a length  equivalent  to  50  diameters  is  approx- 
imately equal  to  the  pressure  corresponding  to  the  velocity,  i.  e.,  to  the  velocity 
head.  This  holds,  true  for  all  gases  under  usual  velocities  and  also  for  water.  In 
brick  and  concrete  ducts,  however,  it  is  advisable  to  figure  25%  more  friction  or 
in  other  words  a loss  in  pressure  corresponding  to  the  velocity  head  for  every  40 
diameters,  i.  e.,  in  a 12"  brick  duct  40  feet  long  or  24"  brick  duct  80  feet  long,  the 
loss  in  pressure  will  correspond  to  the  velocity.  For  instance,  2000  velocity  under 
those  conditions  will  cause  a loss  in  pressure  of  one-fourth  inch.  In  addition  to 
the  above  it  is  necessary  to  figure  the  loss  in  elbows.  The  factor  for  elbows  is 
difficult  to  determine  exactly,  but  from  the  best  information  obtainable  it  appears 
that  one  ellxiw  with  usual  radius  is  equivalent  to  a length  of  pipe  of  approximately 
ten  diameters. 

Now  by  the  foregoing  method  of  proportioning  piping,  it  becomes  unnecessary 
to  figure  the  resistance  of  each  section  of  pipe  independently  as  the  friction  is  con- 
stant per  foot  of  length.  It  is  simply  necessary  to  know  the  length  of  the  longest 
run  of  piping  in  feet,  the  number  and  sizes  of  elbows  and  the  diameter  and  velocity 
in  the  largest  pipe,  as  the  loss  is  exactly  the  same  as  though  the  entire  amount  of 
air  was  carried  through  the  largest  pipe  the  entire  distance.  It  is  usual  to  figure  the 
area  of  the  main  duct  approximately  equal  to  the  area  of  the  fan  outlet.  It  should 
be  noted  that  the  velocity  at  the  outlet  of  a Buffalo  fan  at  the  rated  capacity  is 
equal  to  one-half  of  the  peripheral  velocity,  so  that  the  velocity  head  in  the  main 
pipe  will  be  (H)2=  ' i the  total  fan  pressure.  For  convenience  we  may  assume  the  fan 
to  operate  at  one  inch,  that  the  loss  in  piping  thus  proportioned  is  one-fourth  inch 
for  every  length  equal  to  40  diameters  of  the  main  pipe.  As  an  example  of  this 


method  of  figuring  suppose  our  main  outlet  is  48"  in  diameter  and  that  there  are 
ten  sections  proportioned  as  in  the  previous  example.  We  will  also  say  that  the 
main  section  contains  one  elbow,  and  that  there  is  also  an  elbow  in  the  section 
39"  in  diameter,  one  elbow  in  the  section  30"  in  diameter  and  another  elbow  in  the 
section  20"  in  diameter.  Let  the  length  of  the  pipe  to  the  farthest  outlet  be  120 
feet.  We  compute  the  friction  in  the  following  way. 
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120  feet  is  equivalent  to  30  diameters  of  48"’  pipe. 

One  48'  elbow  is  equivalent  to  10  diameters  of  48'  pipe. 

One  39'  elbow  is  equivalent  to  10  diameters  of  39'  pipe  or  8.13  diameters  of  48'  pipe. 

One  39' elbow  is  equivalent  to  10  diameters  of  30*  pipe  or  6.25  diameters  of  48^  pipe. 

One  20'  elbow  is  equivalent  to  10  diameters  of  20'  pipe  or  4.17  diameters  of  48"  pipe. 

Total  equivalent  length  58.55  diameters  of  48'  pipe 
The  equivalent  loss  in  velocity  head  will  then  be 


times  the  velocity  head  in  the  48"  main.  Further  there  is  the  velocity  remaining 
in  the  20"  pi|>o  which  gives  an  additional  loss  evidently  of  -''is  of  one  velocity 
head  or  .42  times  the  velocity  head  in  the  48"  main.  This  gives  a total  loss  in  the 
piping  system  of 

1.46  + 0.42  - 1.88 

times  the  velocity  head  in  the  48"  main.  Assuming  that  the  velocity  in  the  48" 
main  is  2000  feet  per  minute  corresponding  to  a velocity  head  of  one-fourth  inch, 
the  loss  of  pressure  in  the  piping  system  is  then 

0.25  X 1.88  = .47  in. 

This  amount  is  to  be  deducted  from  the  total  pressure  of  the  fan  instead  of 
from  the  static  pressure  when  the  piping  is  connected  directly  with  the  fan  outlet, 
as  by  the  reduction  of  velocity  in  the  piping  we  have  utilized  practically  all  the 
velocity  pressure  at  the  fan  outlet.  In  a “blow  through”  apparatus,  however, 
this  loss  in  pressure  must  be  deducted  from  the  static  pressure;  allowance  must 
likewise  be  made  for  the  loss  in  entrance  to  the  piping  which  may  be  estimated  at 
45%  of  the  velocity  head.  It  will  thus  be  seen  that  a “blow  through”  system 
requires  larger  piping  than  the  “draw  through”  system  for  the  same  results. 

In  ordinary  “draw  through”  heating  system  apparatus  it  is  usually  advisable 
to  limit  the  pressure  loss  in  piping  to  50%  of  the  total  pressure.  In  the  above 
example  it  has  been  shown  that  0.47"  out  of  the  total  pressure  of  1"  is  lost  if  we 
make  the  pi|x*  the  same  size  as  the  fan  outlet,  and  therefore  this  is  safe.  However 
if  pressure  loss  had  been  0.65"  and  we  wished  to  reduce  to  0.5"  we  could  use  the 
following  formula  as  a loss  in  pressure  varies  approximately  as  the  square  of  the 
velocity 

c-  = Ci\l  p;  = C>\1  Ml  "°-88C» 

Thus  we  get  the  same  capacity  with  .5"  loss  as  with  .65"  loss  it  would  be 
necessary  to  increase  the  area  of  the  piping  throughout  nearly  13%,  or  the 
diameters  of  all  the  pipes  approximately  6%.  Then  instead  of  a 48"  pipe  it  would 
be  necessary  to  use  a 51"  pipe,  inside  of  a 46"  pipe  a 49"  pipe,  etc. 

Proportioning  Ducts  for  Public  Buildings 

In  public  buildings  the  sizes  of  air-conveying  ducts  from  fans  or  heaters  to 
vertical  induction  flues,  and  the  sizes  of  these  flues,  depend  upon  the  velocities  of 
the  air  flowing  in  such  ducts  and  flues.  The  essential  factors  in  determining  these 
velocities  are:  the  limitations  of  economical  rotative  speed  of  fans  from  the 
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standpoint  of  power,  the  limitations  of  air  velocities  on  account  of  noise  or  by  reason 
of  increasing  friction  as  velocities  increase;  limitation  of  velocity  of  inflowing  air 
through  registers  into  rooms;  the  desirability  of  as  high  a velocity  of  air  as  is  per- 
missible under  the  limitations  referred  to  in  order  to  gel  as  quick  a conveyance  of 
heat  units  from  the  heater  to  the  rooms  to  be  heated  as  possible  and  to  keep  down 
the  size  of  ducts  required;  and  the  necessary  initial  and  intermediate  velocities  to 
overcome  the  resistance  existing  in  each  particular  system. 

The  size  of  vertical  flues  to  the  registers  in  the  rooms  is  determined  by  the 
maximum  velocities  allowable  in  avoiding  drafts  and  noise  in  the  rooms.  Practice 
has  shown  that  the  best  velocities  for  the  wall  registers  should  be  from  200  to 
400  feet  per  minute  over  the  face  of  the  register  depending  upon  the  size  and 
location;  and  for  floor  registers  should  be  from  125  to  175  feet.  The  velocity  in 
the  vertical  flues  leading  to  the  registers  should  be  from  400  to  750.  The  size  of 
these  vertical  flues  is  determined  largely  by  the  size  of  register  desirable.  In  gen- 
eral, the  velocity  in  these  risers  should  lx-  low,  in  order  to  obtain  as  uniform  a velo- 
city as  possible  over  the  register  area. 

The  velocity  in  the  horizontal  ducts  leading  from  the  apparatus  to  the  ver- 
tical risers  is  determined  chiefly  by  the  resistance  of  the  duct.  In  practice  these 
velocities  will  vary  anywhere  from  700  feet  to  1200  feet  depending  upon  the  size, 
length  of  the  duct,  number  of  elbows,  etc.  A designer  with  considerable  experience 
may  proportion  these  ducts  so  as  to  give  very  uniform  distribution  without  going 
into  any  extended  calculation.  However,  it  is  desirable  to  have  a correct  method 
as  a basis.  For  the  benefit  of  engineers  and  architects  we  give  here  the  method 
employed  by  this  company  in  the  determination  of  duct  velocities  and  sizes. 

The  principal  losses  in  piping  systems  for  public  buildings  are  in  the  horizontal 
ducts  where  the  velocity  is  the  highest.  The  losses  in  these  ducts  depend  upon 
the  velocity,  the  size  and  length  of  duct  and  upon  the  number  of  elbows.  There 
is  also  considerable  loss  in  pressure  as  the  air  enters  the  duct.  An  ideal  system 
should  take  all  these  factors  into  consideration,  and  so  proportion  the  velocities 
that  the  resistance  would  lx*  practically  equal  in  all  ducts  regardless  of  the  length. 

The  system  which  we  employ  accomplishes  this  in  a practical  manner  and  at 
the  same  time  avoids  any  laborious  calculation.  For  each  duct  a factor  may  be 
obtained  by  inspection  in  accordance  with  the  following  formula: 


F = 2'A  + 


N 

5 


This  factor  represents  the  loss  by  friction  in  terms  of  velocity  head.  The  first 
term,  two  and  one-half,  is  approximately  the  number  of  times  the  velocity  head  lost 
by  entrance  to  the  pipe,  entrance  to  the  vertical  flue,  and  loss  in  riser  and  register. 
The  second  factor  represents  the  loss  due  to  length  and  size  of  pipe;  L is  the  length 
in  feet  and  W is  the  approximate  width  in  inches.  The  third  term  represents  that 
proportion  of  the  pressure  lost  in  elbows,  and  N is  the  number  of  long  radius  elbows. 
One  square  elbow  is  figured  equal  to  two  long  radius  elbows.  In  checking  over 
the  piping  layout  the  factors  for  the  various  ducts  are  first  found  as  above  and  from 
these  factors  the  velocity  in  the  respective  ducts  are  ascertained  directly.  In  deter- 
mining these  velocities  it  is  usual  to  allow  a loss  not  exceeding  one-fourth  of  the 
total  fan  pressure.  This  in  practice  usually  amounts  to  about  one-fourth  of  an 
inch.  The  velocity  corresponding  to  a pressure  of  one-foutth  of  an  inch  is  2<X)0, 
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and  since  the  velocities  vary  as  the  square  root  of  the  pressure,  the  factor  F and 
the  velocity  V will  give  a loss  of  one-fourth  of  an  inch  since 

V = 2000 
V F 

In  this  manner  the  velocities  are  accurately  and  conveniently  proportioned. 


The  Following  Table  from  an  Actual  Case  Illustrates  the  Variation  in  Velocities 
which  occur  in  a Correctly  Proportioned  System 


No.  of 
Room* 

Content* 
Cubic  Feet 

Total 

B.  T.  U. 

IXMM 

A.  P M. 
Required  fur 
Heating 

A.  P.  M 
Required 
for  Vent. 

a.  r m. 

Allowed 

Min.  Air 

Chans*? 

A.  P M. 
for  Each 
Duct 

Fucttir 

Velocity 
in  Duct 

Aren  of 
Duct 
8q.  Feet 

i 

6200 

13020 

260 

352 

352 

15 

352 

3 

950 

3.71 

o 

25700 

50380 

1008 

2570 

2570 

10 

1285 

5 

730 

1.75 

ii 

(1070 

36240 

725 

405 

760 

S 

760 

* 

670 

1.14 

4 

3530 

14015 

280 

•235 

280 

13 

280 

3 

950 

.3 

5 

I860 

7985 

159 

93 

159 

12 

lt'iO 

3H 

sso 

.19 

6 

3400 

13255 

265 

227 

265 

13 

265 

5 

730 

.37 

•f 

1 

6070 

30370 

726 

405 

726 

9 

726 

7 

630 

1.16 

8 

1800 

7960 

159 

93 

159 

12 

150 

4 

820 

.19 

1) 

55400 

167090 

3340 

4440 

4410 

12  H 

22211 

7 

670 

3.6 

Heating  Requirements  of  Buildings 

Before  deciding  on  the  heating  capacity  required,  the  engineer  must  make  an 
estimate  of  the  heat  losses  from  the  building  under  the  severest  conditions  of  cold 
weather.  The  principal  loss  is  by  radiation,  and  as  the  result  of  exhaustive  tests  we 
have  accurate  data  on  the  factors  for  various  building  materials  and  types  of 
construction. 

The  values  given  on  page  109  cover  the  various  types  and  constructions  most 
frequently  met  with  in  ordinary  practice.  These  factors  are  subject  to  modification 
to  allow  for  exposure  to  winds,  unequal  distribution  of  heat,  and  any  extraordi- 
nary condition. 

The  heat  required  for  ventilation  is  easily  computed  when  the  air  supplied  per 
hour  is  known.  Since  the  specified  heat  of  air  at  constant  pressure  is  0.238  anti  the 
weight  of  one  cubic  foot  of  air  at  70°  F.  is  0.07495  pounds,  one  British  Thermal 
Unit  of  heat  will  raise  the  temperature  of  one  cubic  foot  of  air 

- - 56°  F 

0.238  X 0.07495 


Infiltration 

Loss  of  heat  through  infiltration  may  properly  be  classed  with  ventilation 
losses.  It  varies  greatly  with  the  construction  of  the  building  and  ranges  from 
one  air  change  in  half  an  hour  in  a small  and  poorly  constructed  building,  to  one 
air  change  in  two  to  three  hours  in  a large  well  constructed  building.  This  infil- 
tration is  caused  in  part  by  winds,  but  chiefly  by  the  chimney-like  effect  of  the 
column  of  air  in  a building  at  a higher  temperature  than  that  outside.  File  differ- 
ence in  pressure  produced  is  proportional  to  the  difference  in  temperature  and  the 
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amount  of  infiltration  is  proportional  to  the  square  root  of  the  difference  in  tem- 
perature, hence  the  heat  losses  due  to  infiltration  may  be  expressd  by  the  equation 

H = C (t2  - t,)* 

Heater  Performance 

In  modern  methods  of  determining  the  size  of  apparatus,  whether  for  heating 
or  drying,  the  heat  losses  are  first  calculated  in  the  manner  just  described.  In  public 
buildings  the  amount  of  air  is  usually  specified  and  the  required  temperature  of  air 
for  heating  may  be  determined  from  the  equation 


0.238  X 60  X wa 

in  which  t2  = the  temperature  of  the  air  leaving  the  heater. 

1 = die  B.  T.  U.  per  hour  hour  lost  by  transmission  through  walls,  glass 

surfaces,  roofs,  etc. 

a = the  cu.  ft.  of  air  required  for  ventilation. 
tr  = the  temperature  of  the  room. 

w = weight  of  one  cu.  ft.  of  air  (which  taken  at  a temperature  of  70°  F. 
and  29.92'  Bar.,  is  0.07495  lbs.) 

k “ is  an  assumed  factor  of  safety  chosen  with  reference  to  the  particular 
conditions. 

This  formula  may  also  be  used  in  determining  the  volume  of  air  required  when 
the  temperature  of  the  air  is  specified. 

Where  “return  air”  is  used,  that  is,  air  is  recirculated  from  within  the  building 
instead  of  from  without,  the  formula  is  modified  as  follows  to  give  the  total  heat 
units  required  with  a view  of  choosing  a standard  size  of  apparatus  to  meet  the 
conditions. 

H = 0.238  w n C (tr  - t,)  k 1 

in  which  n = number  of  air  changes  per  hour  due  to  the  infiltration  of  cold  air 
from  without.  This  is  dependent  upon  the  size  and  construction  of  the  building 
and  must  be  chosen  as  a result  of  experiments  and  tests  upon  various  types  of 
buildings. 

C = the  cu.  ft.  contents  of  the  room. 
t|  = the  outside  temperature. 


Heating  Surface 

The  next  step  is  to  determine  the  total  amount  of  heating  surface  in  lineal  feet 
of  one-inch  pipe. 

Having  previously  determined  the  amount  of  air  to  be  handled,  we  determine 
the  size  of  heater  by  the  free  area  required  to  allow  the  passage  of  the  desired 
quantity  of  air  at  the  velocity  chosen,  according  to  the  following  table. 
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Maximum  Velocity  Advisable  Through  Heater  for  Different  Installations 


D*1>th  of  Heater  in  Section* 

In  INiblic  Building* 

In  InduMrial  Plant* 

4 

1140 

1500 

5 

1020 

1850 

« 

930 

1230 

7 

800 

1140 

8 

810 

1070 

The  proper  velocity  for  the  air  through  the  clear  area  of  the  heater  will  vary 
with  the  different  conditions  such  as  pressure  carried  and  character  of  the  instal- 
lation. The  table  of  velocities  given  alx>vc  is  based  on  the  assumption  that  the 
pressure  loss  through  the  heater  should  not  exceed  50%  of  the  total  pressure  on 
the  fan. 

The  velocities  here  given  are  intended  merely  to  indicate  the  practical  limit, 
and  except  where  the  ducts  are  very  short  it  will  be  found  advisable  to  keep  below 
this.  This  is  especially  true  in  the  case  of  public  buildings,  where  the  limit  should 
not  exceed  90%  of  the  alx>vc. 

Having  determined  the  velocity  through  the  heater  the  size  of  heater  required 
can  be  readily  chosen  from  the  table  of  sizes  and  dimensions  of  Buffalo  Standard 
heaters  given  on  page  96.  The  same  method  can  be  list'd  in  connection  with  the 
Vento  Cast  Iron  Heater  tables  given  on  page  104. 


Friction  of  Heaters 

It  is  even  more  essential  to  take  account  of  the  friction  of  the  air  passing 
through  the  heaters  than  through  the  piping.  The  loss  of  pressure  here  is  much 
greater  than  ordinarily  imagined  anti  consequently  many  designers  make  the 
mistake  of  assuming  higher  velocities  than  are  possible.  The  following  table  is 
compiled  from  careful  tests  on  Buffalo  Heaters. 


Friction  of  Air  Through  Buffalo  Standard  Heaters 

LOSS  OK  AIR  I'KEKSURE  IN*  INCHES  OK  WATER  PER  SQUARE  INCH — AIR  AT  70*  K. 


Velocity 

Through 

NUMIIEK  OF 

* SECTIONS 

Clear 

Arm 

■ 

1 » 

3 

4 

5 

6 

7 

8 

300 

0.009 

0.017 

0 020 

0.035 

0.043 

0.052 

0.060 

0.069 

400 

0.015 

0.031 

0.040 

0.062 

0 077 

0.092 

0.108 

0.1*23 

500 

0 024 

0.049 

0 073 

0.095 

0.104 

0.144 

0 168 

0.192 

000 

0.035 

0.009 

0.104 

0.138 

0.173 

0 *207 

0.242 

0.276 

71  K» 

O OI7 

0.094 

0.141 

0. 1SS 

0.235 

0.282 

0.329 

0.876 

800 

0.001 

0.123 

0 184 

0.245 

0.306 

0.368 

0.420 

0.490 

000 

0 078 

0 . 155 

0.233 

0.311 

0.388 

0.406 

0.544 

0.621 

1000 

0.096 

0.191 

0.287 

0.382 

0.479 

0.574 

0.670 

0.765 

IKK) 

0.110 

0.232 

0.347 

0.463 

0.579 

0.005 

0.810 

0.926 

1200 

0. 138 

0.270 

0.414 

0.551 

0.689 

0.827 

0.965 

1.108 

1300 

0 1 02 

0.824 

0.486 

0.648 

0.810 

0 972 

1 133 

1 .296 

1400 

0.187 

0.375 

0.562 

0.750 

0.986 

1 124 

1 311 

1 . 500 

1500 

0.215 

0 431 

0 640 

0.881 

1.077 

1 .293 

1 .508 

1 722 

1000 

0.245 

0.490 

0.735 

0.980 

1 .226 

1 471 

1 716 

1 (MU 

1700 

0.277 

0.555 

0.831 

1.110 

1 387 

1.664 

1.940 

2.218 

1800 

0.310 

0.620 

0.980 

1.240 

1 550 

1 .860 

2 167 

2 480 
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The  losses  are  figured  for  air  volumes  at  70°.  For  accurate  estimating,  correction 
should  be  made  for  the  increase  in  volume  due  to  rise  in  temperature.  The  preceding 
table  enables  us  to  read  very  readily  the  loss  of  pressure  through  the  heaters.  It 
is  usually  advisable  to  keep  the  loss  in  pressure  in  passing  through  the  heaters  down 
to  50%  of  the  total  pressure  or  less.  Therefore  for  various  pressures  and  various 
numbers  of  sections,  the  figures  given  in  the  previous  table  and  based  on  50% 
pressure  loss  should  not  be  exceeded. 


Heater  Connection 

Care  should  be  taken  to  have  the  connection  between  the  fan  and  the  heater 
case  of  such  a character  that  it  will  not  restrict  the  flow  of  air  or  offer  unnecessary 
resistance.  This  precaution  is  frequently  overlooked,  either  throwing  excessive 
pressure  on  the  fan,  or  cutting  down  the  quantity  of  air  handled. 

The  following  table  gives  the  approximate  lengths  of  connections  advised  for 
draw  through  installations. 

Length  of  Heater  Connection— For  Draw  Through  Equipment 


S»*r  Fnn 
IMurxddol 

lip  to  70* 
70*  1(H)* 
100*  1.10* 
130*  170* 
170*  200* 


Siar  Fan 

Nu.  and  Turbo  Conuidal 

Up  to  No.  7 
No.  7 No.  10 

No.  10  No.  13 

No.  13  No.  17 

No.  17  No.  20 


I)i*t*ricr  from  Fan 
tO  l|c*t»T 

18*  to  24* 
24*  to  30* 
36* 

42* 

48*  to  54* 


Rate  of  Condensation 

The  effect  of  air  velocity  and  temperature  upon  the  rate  of  condensation  is 
shown  very  nicely  by  the  graphical  representation  of  an  actual  test,  on  page  72. 
It  will  Ik*  noted  that  the  rate  of  transmission  decreases  with  the  increase  in  the 
temperature  of  the  air  in  passing  through  successive  sections  of  the  heater  but 
increases  very  rapidly  with  the  increase  in  air  velocity. 

Heater  Size 

The  next  step  is  the  determination  of  the  amount  of  heating  surface  or  the 
number  of  heater  sections  required.  ;j 

A most  convenient  method  has  been  devised  by  our  engineers.  By  means 
of  the  curves  on  page  75  the  size  of  Buffalo  Heater  can  Ik?  very  readily  determined. 
The  use  of  these  curves  may  lx‘st  l>e  illustrated  by  an  actual  application. 

Assume: — Steam  pressure  on  the  coils  to  be  40  pounds,  the  air  to  enter  at 
20°  F.  and  leave  at  130°  F.  and  pass  through  the  heater  with  a velocity  of  1000 
feet  per  minute. 
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From  the  small  curve  we  see  that  steam  at  40  pound  gauge  pressure  lias  a 
temperature  of  287°  F. 

The  difference  between  the  temperature  of  the  air  entering  and  the  steam  will 
then  be  267°  and  the  difference  between  the  air  leaving  and  the  steam  will  be  157°. 

Taking  the  first  difference,  267°,  and  following  the  line  over  to  the  1000 
vel.  curve  and  then  down  we  find  2.55  heater  sections.  Following  the  same  pro- 
cedure for  the  second  difference,  157°,  we  obtain  7.57  sections.  The  difference 
between  these  two  results  will  give  the  number  of  sections  required  which  in  the 
case  in  hand  is  five. 
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it  varies  considerably  from  the  results  obtained  with  the  fan  system.  Naturally 
the  rise  in  the  indoor  temperature  will  be  less  than  the  rise  in  outdoor  temperature 
owing  to  the  fact  that  the  condensing  capacity  of  the  apparatus  decreases  with  the 
temperature.  With  a fan  system  heater  the  condensing  capacity  has  been  shown 
to  lx*  directly  proportional  to  the  difference  in  temperature  between  steam  and  air, 
while  with  direct  radiation  it  is  not  directly  proportional  owing  to  the  variation 
in  convection  currents.  The  same  relation  between  indoor  and  outdoor  temper- 
ature  may  be  shown  to  hold  true  whether  the  system  was  designed  to  take  the  air 

from  outdoors  entirely  or  to  recirculate  air  within  the  building.  The  formula 

expressing  the  relation  between  indoor  and  outdoor  temperature  in  either  case  is, 
T/  (T.-T,)  + T.  (T,  — T,') 

' T,  — T/ 

T,  = Temperature  of  building  obtained  with  outside  temperature  T,. 

T,  = Any  outside  temperature  at  which  test  is  made. 

T/  «■  Temperature  of  building  guaranteed. 

Tj'  Specified  outside  temperature. 

T,  = Temperature  of  steam  at  pressure  specified. 

The  table  following  shows  corresponding  indoor  temperatures  for  various 
outdoor  temperatures  with  guarantees  at  60°  to  95°  in  zero  weather. 

Table  of  Average  Indoor  Temperatures 

MAINTAINED  AT  VAltlOUH  OUTDOOR  TEMPERATURE*  WITH  5 LBS.  8TEAM  PKEfWI'RE 


Outdoor  Average  Indoor  Temperature* 

Temp.  1 


-20 

45.2 

50.  S 

1 

61.0 

67.1 

72 . 6 

77.9 

S3  t 

-15 

48.0 

54.3 

59,7 

01.9 

70.3 

75.0 

80.9 

87.3 

-10 

62.0 

57.0 

63.1 

08.3 

73.5 

78.7 

86.0 

89.2 

-5 

56.3 

01.4 

06.5 

71.0 

76.8 

81.9 

87.0 

92  1 

0 

00° 

65° 

70° 

75® 

80° 

85® 

90® 

95° 

5 

63.7 

08.0 

73  5 

78.4 

83.2 

88.1 

93.0 

97.9 

10 

07 .4 

72.1 

70.9 

81.7 

80.5 

01.3 

96.0 

100.8 

15 

71.0 

75.7 

SO. 3 

85.1 

89.7 

91.4 

99.1 

103.7 

20 

74.7 

79.3 

83.0 

88.4 

92.9 

102.1 

106.6 

25 

78.4 

82.0 

87.3 

91.8 

06.2 

100-7 

105.1 

109.5 

30 

82.1 

80.4 

00.8 

94.1 

99.4 

103.8 

108.1 

112.4 

35 

85.8 

00.0 

94  3 

97.5 

102,0 

100.9 

111.2 

1 15 .3 

40 

SO. 4 

93.0 

07.7 

101 .8 

105.9 

110.0 

114.2 

118.2 

45 

03.1 

97.1 

101.2 

105.4 

109  1 

113.2 

117.2 

121.1 

50 

06.8 

100  7 

1(M. 7 

108.5 

112.4 

116.3 

120.2 

124.0 

55 

100.5 

104  3 

10S.1 

111.9 

115.6 

119.4 

123.3 

126.9 

60 

104. 2 

107.8 

111.6 

115.2 

118.8 

122.0 

126.3 

129.8 

65 

107.8 

111.4 

115.0 

118.0 

122.1 

125.7 

129.3 

132.7 

70 

1115 

115.0 

118.5 

121.0 

125.3 

128. 8 

132  4 

135.6 

Specimen  Problem 

To  heat  a machine.shop  to  60°  F.  when  0°  outside  using  all  return  air  from  the 
building.  One  complete  air  change  every  30  minutes,  20  pound  steam  pressure  at 
the  heaters. 


Fan  System  of  Heating,  Ventilating  and  Humidifying 


bay.  I he  floor  is  of  cement  with  wood  above,  the  walls  of  brick  17<2  inches  thick 
with  20%  of  the  wall  area  single  thickness  glass  and  the  roof  of  paper,  tar  and 
gravel  laid  on  two-inch  planks. 

Solution 


Surface 

Area 

Factor 

B.  T.  U.  p*r  1* 
per  Hour 

Trnn»miA*ion  I*** 
B.  T.  U,  per  |° 
per  Hour 

Floor 

25,720 

0.10 

. 2,572 

Walls 

24.300 

0.25 

6,075 

Glass 

6,080 

1.09 

6,030 

Roof 

24,400 

0.20 

1 

0,880 

Total  cubic  contents  ■ 

Infiltration,  one  air  change  per  hour  = 

.j,riI  1.003.275 

B.T.U.  per  1°  ■ „ 2 - 

Total  B.T.U.  per  1°  difference  = 

Total  B.T.U.  loss  per  hour  ■ 40,357  x 60 
Add  15%  margin  = 

nTiT  • . 2,784,633 

B.  I .U.  per  minute  = ---  ’ = 

60 

Air  required  per  minute  = — - -j — — 


1.003.275  cu.  ft. 

1.003.275  cu.  ft. 

18,200 

40,375 

2.421,420 

2,784,633 

46,411 


= 137°  F. 


Air  required  per  minute  = « 33,442 

Final  temperature  of  air  leaving  heaters  = 60  + 46,41 1 x = 137°  F 

33,442 

• Ai^ume  a vc,ocity  of  1200  ft.  per  minute  through  the  clear  area  of  the  heater, 
this  will  require  a heater  having 

33.442  ■«  27.9  sq.  ft.  clear  area. 

1200 

From  the  table  on  page  96  we  find  we  can  use  either  the  7,-0"x8/-4''  section 
ha\  mg  27.2  sq.  ft.  clear  area  or  the  7,-0*'.\8'-10''  section  having  29.0  sq.  ft.  clear  area. 

The  first  section  will  give  a velocity  of 

33.442 

? = 1,230  ft.  per  minute, 

which  is  close  enough  to  the  original  assumption  of  1200  ft.  per  minute. 

I urning  to  the  table  on  page  99  we  find  that  with  air  entering  at  60°  F.  and  a 
velocity  of  1200  It.  per  minute  through  the  free  area  of  the  heater  5 sections  of 
heater  will  raise  the  temperature  of  the  air  to  143°  F.  This  will  decrease  slightly 
due  to  the  actual  velocity  through  the  heater  being  1230  ft.  instead  of  1200  ft.  per 
minute. 

Let  us  assume  the  static  resistance  of  the  entire  system  as  two  inches  and 
choose  a fan  to  meet  our  requirments. 

from  the  table  on  page  78  we  find  we  can  use  a 120"  plain  tidal  fan  which 
will  give  3/, 050  A.P.M.  at  351  R.P.M.  bv  running  slightlv  under  rating, 
or  a 110  planoidal  fan  which  gives  31,000  A.P.M.  at  382  R.P.M.  by  run- 
ning over  rating. 

,f  rom  taWe  on  page  79  we  can  use  No.  9 N.C.  rated  at  35.050  A.P.M. 
at  364  R.P.M.  running  under  rating. 

*blt‘  0,1  P8**  80  we  can  u«  No.  9 T.C.  rated  at  31.800  A.P.M. 
at  621  R.P.M.  running  over  rating 
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Buffalo  “Baby  Conoidal”  Fans 


Number 

of 

Fnn 

DIMENSIONS 

Revolution* 

P" 

Minute 

Air 

per 

Minute 
Cubic  Feet 

PRESSURE 

Horae 

Power 

FREE  DELIVERY 

DUmettr  of 
Whwl 

Inchrw 

Diameter 
of  Inlet 
(OuUidc) 
Incbc* 

Diamoter 
of  Oattti 
(Outride) 
Incite* 

Stntic 

Incite* 

Water 

Total 

I nche* 
Water 

Air  per 
Minute 

Cubic  Feet 

Hone 

Power 

1 

4 

4 

3 

1740 

80 

0.17 

0.43 

0.012 

135 

0.030 

2 

4W 

5 H 

4 

11  to 

ss 

0 17 

0.25 

0.009 

150 

0.025 

1740 

135 

0.40 

0.00 

0.030 

•230 

0.073 

:( 

OW 

7X 

5W 

1140 

•200 

0.38 

0.54 

0.050 

450 

0 120 

1740 

400 

i 

0.88 

1 . 25 

O.ISO 

090 

0 III) 

870 

700 

0.50 

0.72 

0.14 

1200 

0.34 

1 

io« 

ll  H 

8*4 

1140 

016 

0.80 

1 .23 

0.31 

1575 

0.75 

1440 

1155 

1 37 

1.96 

0.03 

2(881 

1 .50 

1740 

1400 

2.00 

2.80 

1.10 

2400 

2.05 

lt!W) 

1080 

0.49 

0.71 

0.22 

1870 

0.53 

5 

13A 

14  w 

10W 

870 

1300 

0.78 

1.13 

0 41 

2350 

1 m 

1 140 

1785 

1.35 

1.94 

0 *.M> 

3050 

2.16 

1440 

| 2255 

2.15 

3.06 

1.81 

3880 

4.35 

Rectangle 

090 

1855 

0.71 

0.98 

0.51 

3260 

1.21 

6 

15** 

17  H 

ll*i 

870 

2340 

1.13 

1.56 

1.00 

4075 

2.36 

X 

1 140 

3005 

1 .94 

2.67 

2.26 

5335 

6.43 

mi 

1440 

3875 

3.10 

4.25 

4.55 

0740 

11.00 

Capacities  of  Buffalo  Steel  Plate  Cone  Wheels 

Ultdrf  Average  Working  Condition*  at  70*  F.  and  29.92*  Barometer . 


s 

«jiH 

H 

' Static  Prcn 

H*  Static  Prc». 

S’  Static  Prc*. 

W 

Static  Pic*. 

S 

1 

m 

R.P.M. 

Vol. 

H.  P. 

R.P.M. 

Vol. 

>'■1 

R.P.M. 

Vol. 

H.  P. 

R.P.M 

Vol. 

H.  P. 

30 

10 

393 

2,3(8)  I 

0.43 

4S0 

2,810 

0.79 

555 

3,250 

1.21 

680 

3,990 

2.23 

341 

17 

328 

3,330 

0.62 

400 

4,(850 

1.13 

403 

4,700 

1.75 

508 

5,700 

3.22 

42 

27 

282 

4.530 

0.85 

343 

5,530 

1.55 

390 

0.390 

2.39 

486 

7,840 

1.39 

48 

40 

246 

5,900 

1.10 

300 

7,210 

2.02 

317 

8,350 

3.11 

425 

10,220 

5.72 

54 

57 

219 

7,480 

1.39 

2(81 

9,150 

2.54 

308 

10,550 

3.92 

378 

12,950 

7.22 

00 

78 

197 

9,200 

1.71 

240 

11,250 

3.14 

278 

13.(88) 

4.84 

340 

15,950 

S.90 

66 

105 

178 

11,150 

2.10 

218 

13,600 

3.83 

252 

15,750 

5.90 

309 

19,300 

1ft. 9 

72 

134! 

104 

13,300 

2.48 

200 

10.250 

4.54 

232 

18,800 

7.(8) 

284 

23,054) 

12.9 

84 

214 

141 

18,1(8) 

3.38 

172 

22,1(81 

6.19 

199 

25,500 

9.55 

244 

31,350 

17.0 

90 

322 

123 

23,000 

4.40 

150 

28,800 

8.07 

174 

33,350 

12.4 

213 

10,900 

22.9 

108 

459 

109 

29,950 

5.58 

133 

36,600 

10.2 

154 

42,250 

15.8 

189 

51,900 

29.0 

120 

631 

98 

36,800 

0.85 

120 

45,(88) 

12.6 

138 

52,000 

19.4 

170 

03.848) 

35.0 

144 

1085 

82 

53,000 

9.90 

100 

64,850 

1S.1 

110 

75,000 

28.0 

142 

91,850 

51.5 

108 

1730 

71 

72,400 

13.5 

so 

88,150 

24.8 

100 

102.(88) 

! 38.2 

122 

125,200 

70.2 

ISO 

2100 

66 

83,250 

15.5 

80 

101,800 

28.4 

93 

117.500 

43.9 

114 

144,200 

80.0 

Buffalo  Disc  Wheels  (Type  D) 


His* 

Velocity 

f/ubic  Feet 

0 1* 

ap. 

a2*  8.P. 



0.3*  S.P. 

4).4* 

S.P. 

0.5* 

B.P. 

0.75* 

8.P. 

of 

Through 

of  Air 

Fan 

Wheel 

per  Minute 

R.P.M 

H.  P. 

HP.  M 

H.  P. 

HP.  M. 

11.  P. 

R.P.M. 

H.  P. 

11.P.M. 

H.  P. 

R.P.M 

X 

y 

BOO 

882 

739 

0.051 

871 

0.104 

078 

0.103 

1000 

0.227 

1132 

0.30 

1297 

0.50 

1000 

1,702 

1100 

0.142 

1267 

0.23 

1386 

0.32 

1477 

0.41 

1558 

0.51 

1730 

0.77 

18* 

1 It  M 1 

2.»7o 

1375 

0.281 

IMS 

n in 

1070 

0.52 

177.* 

0.01 

1870 

0.71) 

2046 

1.418 

2m  io 

3,530 

1006 

0.80 

2080 

1.00 

22(10 

1.15 

2204) 

1.32 

2484 

1.418 

2000 

4,590 

2607 

i 73 

2600 

1.92 

Ji  : 

2.29 

2908 

2.67 

500 

1,570 

664 

0.001 

oasr 

a 186 

734 

0.20 

706 

0.41 

8 54 1 

0.53 

0 KS 

1000 

3,140 

825 

0 25 

050 

0.41 

loto 

0.57 

! 108 

0.73 

1168 

0.91 

1298 

1.38 

24* 

1400 

4,400 

1030 

0.50 

1150 

0.71 

1 906 

0.92 

1330 

1.14 

1402 

1.80 

1534 

1.92 

2000 

6,290 

1476 

1.43 

1600 

1.77 

14150 

2.CM 

17  is 

2.34 

1804 

2.00 

2000 

8,170 

1880 

3.08 

1950 

3.42 

2020 

4.08 

2184) 

4.70 

600 

2,150 

444 

0.142 

524 

0 20 

588 

0.46 

4135 

0.63 

680 

0.83  ' 

777 

1.37 

1000 

4,910 

000 

0.30 

700 

0.04 

K30 

0.80 

H86 

1.14 

934 

1.42 

1090 

2.16 

30* 

1400 

0,880 

822 

0.78 

920 

1.11 

loon 

1.43 

14)02 

1.78 

1121 

2.12 

1227 

3.00 

2000 

11,810 

1 ISO 

2.24 

1247 

2 70 

1320 

3.19 

1373 

3.05 

1191 

4.4)7 

2' ion 

12,767 

1505 

4.81 

1504) 

5.36 

1015 

0.38 

1745 

7.43 

:,4Mi 

3.535 

300 

o.2l 

430 

0.42 

488 

0.06 

530 

0.02 

564) 

1.20 

048 

1.08  ‘ 

looo 

7.060 

550 

0.57 

032 

0.02 

002 

1.28 

740 

1.64 

778 

2.04 

806 

3.09 

36* 

1400 

9.1*00 

087 

1.13 

766 

1.00 

v:7 

206 

.vss 

2.50 

935 

3.00 

1024 

4 32 

2000 

i4.i:co 

981 

3.22 

1040 

3.08 

1 104) 

4.60 

I l 15 

5.27 

1213 

6.73 

2600 

18^340 

1266 

6.02 

1300 

7.70 

1318 

0.20 

1454 

10.71 

600 

4,808 

316 

6.28 

374 

0.57 

120 

’ 0.80 

450 

1.24 

i\.. 

1 03 

556 

2.419 

1000 

9,610 

472 

0.77 

544 

1.25 

504 

174 

4132 

2.24 

668 

2.78 

742 

4.21 

42* 

1 400 

13,475 

588 

1.53 

656 

2 17 

718 

2.80 

700 

3.48 

802 

4.15 

8741 

688 

2000 

10,232 

844 

4.37 

892 

543 

944 

0.26 

082 

7.17 

10041 

9.15 

20414) 

25,026 

1071 

9.43 

l lit 

10.45 

1 154 

12.60 

1210 

1 1 88 

600 

6.280 

277 

0.36 

327 

0.74 

367 

1.10 

398 

l 02 

125 

2.13 

48*1 

3*62 

1000 

12,564) 

1 412 

l.OI 

475 

1.63 

’.-Mi 

2 27 

554 

2.02 

584 

3.03 

649 

5.50 

48* 

1400 

17,64)0 

616 

2.00 

676 

2.84 

027 

3.07 

606 

4.64) 

701 

5.42 

707 

9.418 

2000 

25,120 

737 

5.72 

780 

7.08 

825 

8.141 

859 

935 

032 

11.90 

204)4) 

32.680 

010 

01 

13.08 

1010 

16.33 

lin  ) 

10.04 

500 

7.048 

240 

0.40 

291 

0.94 

326 

1 17 

364  ' 

2.05 

377 

2.70 

432 

4.40 

1000 

15.800 

300 

1.28 

422 

2.07 

461 

2.KH 

101 

3.72 

518 

1.00 

577 

0.00 

W' 

1400 

22,275 

457 

2.54 

510 

3.00 

557 

4.60 

590 

577 

023 

6X1 

6K2 

9.72 

2000 

31.795 

655 

7 22 

094 

8.05 

7:« 

10.30 

763 

11  88 

828 

15.14 

2600 

41,360 

830 

15.00 

S00 

17.34) 

808 

20.05 

008 

24.10 

500 

0.812 

221 

0.57  ' 

302 

1.16 

203“ 

1.81 

319 

2.52 

344) 

3.88 

380 

5.60 

1000 

10,625 

330 

1.58 

380 

2 55 

410 

3.54 

143 

4.57 

407 

5.07 

619 

s,60 

00* 

1400 

27,500 

412 

3.13 

160 

4 44 

502 

5.74 

532 

7.13 

561 

8.63 

011 

12.00 

2000 

30,250 

600 

8.01 

4124 

11.10 

4100 

12.80 

4)88 

1 4.02 

710 

18.70 

264  JO 

* 61,001 

751 

1080 

784) 

21.4 

SOS 

25.5 

872 

20.8 

MO 

14,130 

185 

0.82~ 

218“ 

1 (.6 

246 

2.01 

265 

3.04 

283 

4.84) 

323 

7.92 

1000 

28,200 

275 

2. 241 

317 

3.G7 

347 

5.12 

374) 

0,58 

380 

8.10 

433 

liH 

<2 

1400 

30,000 

343 

4,50 

383 

0.40 

117 

8.241 

442 

10.20 

408 

12.20 

612 

17.29 

2000 

56,520 

490 

12.90 

520 

15.04) 

560 

18.30 

573 

21.1 

022 

26.0 

2600 

73.630 

027 

27.7 

050 

30. S 

4174 

36.8 

727 

42.8 

600 

10,232 

158 

111 

187 

210 

3 56 

228 

4.05 

243 

6.54 

278 

10.78 

1000 

38,460 

236 

3.00 

272 

5.00 

297 

6.05 

310 

8.06 

331 

1111 

371 

10.85 

84 

1400 

53,900 

204 

6.13 

328 

8.08 

369 

11.20 

380 

13.00 

401 

16.01 

438 

23.5 

2000 

76,930 

422 

17.50 

4441 

21.74) 

472 

25.00 

491 

js  7 

633 

36.6 

2600 

itio.ioo 

637 

37.7 

-7 

41.8 

577 

50.0 

4123 

58.4 

Fan  System  of  Heating,  Ventilating  and  Humidifying 


Capacities  of  Buffalo  Planoidal  Steel  Plate  Blowers  (Type  L)  Under 
Average  Working  Conditions 

70*  F.  20.92'  Barometer 


I 

Sire  1 

Diameter 

of 

Area 

of 

4*f 

m ( 

Katie  Premure  ?*'  Static  Premure 

0.288  Ounce*  — 0.433  Ounce* 

1'  Static  Premure 
■ 0.577  Ounces 

m 1 

Static  Picture 
1.S65  Ounces 

Blafct 

Wheel 

Inchn 

t httli  t 
Square  Ft. 

K.P.M. 

Volume 

Cubic  Ft. 
per  Min. 

HP.  R.P.M 

Volume 

Cubic  Ft. 
per  Min. 

H.P. 

K.P.M. 

Volume 

Culvic  Ft. 
per  Min. 

H.P. 

K.P.M. 

1 Volume 

Culvic  Ft. 
tier  Min. 

H.P. 

3*' 

Ht'i 

0.77 

078 

1.100 

0.23  830 

1.4*20 

0.42 

958  ! 

1.640 

0.65 

1174 

2,010  ; 

1.19 

35 

22*5 

1j04 

5N0 

1.570 

0.31  710 

1,925 

0.58 

820 

2.220 

0.87 

1095 

2.720 

1.63 

40 

2 A** 

1.30 

508 

2.065 

0.41  623 

2.530 

0.75 

719 

2.920 

1.16 

880 

3,580 

2.13 

45 

20K 

1.75 

451 

2.600 

0.52  553 

3,185 

0.06  ; 

639 

3.680 

1.47 

783 

4,510 

2.70 

50 

32>» 

2.10 

407 

3,220 

0.64  498 

3.910 

1.18 

575 

4(550 

1.S2 

705 

5,580 

3.35 

55 

35  « 

2.01 

309 

3,800 

0.77  152 

4.765 

1.42 

522 

5.500 

2.19 

640 

6,740 

4.03 

lit) 

:»*$ 

3.13 

339 

4(630 

0.92  415 

5.675 

1.70 

479 

62>50 

2.61 

587 

8,030 

4.80 

70 

45 

4.20 

200 

6.320 

1425  355 

7.730 

2.3! 

410 

8.930 

3.55 

502 

1 0,020 

6.52 

so 

51H 

5.54 

254 

8.230 

1.64  315 

10.080 

3.02 

359 

11,630 

4.65 

440 

14,250 

8.55 

90 

37J* 

7.10 

220 

10.410 

2.08  276 

12.750  i 

3.82 

319 

14.730 

5.88 

391 

18,050 

10.80 

1U0 

64 

tv.  75 

203 

12.8SO 

256  248 

15,750 

4.71 

287 

18.21X1 

7.25 

352 

22,300 

13.32 

110 

70*4 

10.57 

185 

15.550 

3.10  226 

19.100 

5.71 

261 

22,1X10 

8.78 

320 

26,954) 

16.12 

120 

77« 

13.00 

109 

18.530 

3 00  207 

22,71X1 

678 

*239 

26,21X1 

10.44 

293  , 

32,080 

19.18 

130 

S3.*» 

14.85 

150 

21.000 

431  192 

26,450 

7.03 

*221 

30,550 

12.20 

271 

37,410 

22.40 

140 

90 

17.20 

145 

25.200 

5j02  177 

30,850 

9.24 

*205 

35.650 

14.20 

: 25i  I 

43,700 

26.10 

150 

964 

19.70 

135  1 

28.950 

5.76  165 

35.400 

10.60 

101 

40,91X1 

1630 

234 

50.150 

29.95 

160 

1<« 

22.40 

127  | 

32.800 

6.57  151 

40,21X1 

12.10 

179 

46,450 

18.60 

219 

56.91X) 

34.15 

17U 

1094 

25.40 

120 

37,150 

7.42  146 

t 'tv 

45,51X1 

13.65 

160 

52.550 

21.00 

207 

6I.HX) 

38.60 

ItiO 

115*4 

28.50 

i "2 

41,700 

loo 

8.31 

51,100 

15.25 

150 

59.000 

23.50 

195 

72.250 

43.15 

190 

122*4 

31.70 

107 

46.300 

9.26  131 

56,700 

17.05 

151 

65,509 

26.20 

185 

80.250 

48.10 

200 

128,4 

35.30 

102 

51.500 

1025  125 

63,100 

18-85 

144 

72.850 

*29 .00 

176 

80.200 

6330 

Din  meter 

rm 

2*  Static  PmvMurc  214* 

Static  PrvK-uru 

3*  Static  Prew*ure 

3 H' 

Static  Prpwure 

of 

of 

m 

1.154  Ounce* 

1.443  Ounces 

m 

1.734  OnncM 

m 

2.019  Ounces 

Blaat 

81  ae 

W'lm'l 

Outlet 

Votunie 

Volume 

Volume 

Volume 

Incbea 

Square  Ft. 

K.P.M. 

Cubic  Ft. 

IIP.  R.P.M. 

Cubic  Ft. 

H.P. 

R.P.M. 

Cubic  Ft. 

H.P. 

R.P.M. 

Cubic  Ft. 

H.P. 

l»cr  Min. 

per  Min. 

I>er  Milk. 

per  Min. 

30  ! 

19*4 

0.77 

' 1355 

2.320 

1.84  1515 

2,505 

2.57 

1660 

2,840 

3.38 

1792 

3.070 

4.26 

35 

224 

1.04 

1 160 

3.140 

2 52  1205 

3.510 

3.48 

1420 

3.845 

4.63 

1634 

4.155 

583 

40 

254 

1.36 

101S 

4,135 

3.28  1135 

4,620 

4-58 

1245 

5.060 

603 

1315 

5.460 

7.60 

45 

294 

1.75 

904 

5.210 

4.15  1010 

5,825 

5.81 

1108 

0(375 

7. IK! 

1105 

6.890 

9.63 

50 

8S$f 

2.10 

814 

6,440 

5.15  910 

7.200 

7.2(1 

996 

7.880 

9 15 

1076 

8.510 

11.01 

55 

354 

2.01 

738 

7.780 

6.19  826 

8,700 

8.66 

901 

9,530 

11.38 

976 

10,290 

1434 

00 

384 

3.13 

678 

9.260 

7.38  758  | 

1 10J70 

1024 1 

830 

11*340 

1355 

890 

12,250 

17.10 

70 

45 

4.26 

560 

12,630 

10.02  048  1 

1 14.120 

14  J13 

710 

15.460 

18.45 

767 

16.71X1 

23.25 

80 

514 

5.54 

506 

16.450 

13.12  568 

18,400 

1840 

621 

20.150 

21.20 

672 

21,750 

3050 

90 

374 

7.10 

451 

20.850 

16.60  505 

23  J00 

23240 

553 

25,500 

30.55 

597 

27,550 

38.50 

loo 

64*4 

S.75 

406 

25,750 

20.48  151 

28,800 

28  70 

497 

31.530 

37.70 

537 

34.050 

47.50 

no 

70*4 

10.57 

309 

31,100 

24.80  413 

34,81X1 

34.70 

452 

38,100 

45-60 

488 

41,200 

: 57 .50 

120 

77*4' 

13.00 

; 338 

37.050 

29.50  378 

41,400 

41.30 

414 

45.400 

54  25 

447 

49.1KX1 

1 68.40 

130 

SI}? 

14.85 

1 313  ' 

43.250 

34.50  380 

48.350 

48  25 

383 

52510: 1 

03.40 

413 

57.21X1 

80.00 

140 

Ml 

17.20 

290 

50.400 

40.15  ! 324 

56,400 

56. 15 

355 

61,750 

734X) 

:t*4 

96,700 

93.00 

150 

964 

10.70 

270 

57.900 

46.10*  31)2 

64,750 

64.50 

331 

70.900 

84-70 

358 

76*600 

, 100.81) 

ItiO 

HO 

22.40 

253 

65,700 

52.60  283 

73.500 

73.50 

310 

80.41X1 

90.00 

335 

S6.1MX) 

121.80 

170 

109*4 

25.40 

239 

7-1 .300 

59.40  267 

83,200  j 

83  00 

293 

91.000 

110.00 

316 

98,41X1 

137.50 

ISO 

115*4' 

28.50 

225 

83.500 

66.40  *251 

93,41X1 

93.00 

277 

1022200 

1*22.20 

298 

1 10.400 

151.00 

190 

122*4 

31.70 

! 214 

02.650 

74  2U  239 

103,71X1 

103  60 

262 

1 13J00 

136.00 

282 

122(500 

171.50 

200 

1284 

35  JO 

2IM 

10.1.000 

! 82-00  228 

115,11X1 

114.70 

250 

126.1  IX) 

150.80 

209 

136,31X1 

11HHM) 

Total  Premure  U 120%  of  live  liated  Static  Prrwiit. 


Fan  System  of  Heating,  Ventilating  and  Humidifying 


Capacities  of  Buffalo  Niagara  Conoidal  Fans  (Type  N)  Under 
Average  Working  Conditions 

70*  P and  29.92'  Barometer 


1 >ia  meter 
of 
RIaaI 

Area 

«vf 

Static  Prewurc 
0.288  Ounce* 

X* 

m 

Static  Pre**ure 
0.433  Ounce* 

Static  Pressure 
0.577  Ounce* 

t'Y 

m 

Static  PrvxMirv 
I).8ii5  Ounce* 

Sire 

Wheel 

I IH’bt'S 

Outlet 
Square  Ft- 

R.P.M 

I Volume 

Cubic  Ft. 
per  Min. 

H.P. 

R.P.M. 

Volume 

Cubic  Ft. 
per  Min. 

H.P. 

j K.P.M. 

i Volunve 

Cubic  Ft. 
per  Min. 

ll.P. 

R.P.M. 

Volume 

Cubic  Ft. 
per  Min. 

H.P. 

3 

15ft 

1.31 

544 

1,945 

0.28 

60S 

2,380 

0.51 

770 

- 

0.78 

943 

3.305 

1.45 

3 H 

1.70 

465 

2,612 

0.38 

572 

3.240 

0.69 

660 

3,740 

1.00 

8U9 

4.580 

1.97 

4 

204 

2.33 

408 

3,430 

0.50 

500 

4,230 

0.90 

577 

4,895 

1.39 

709 

5.980 

2.58 

234 

2.95 

362 

4,375 

0.63 

445 

5.350 

1.14 

514 

0.195 

1.75 

630 

7,575 

3.26 

5 

26  4 

3.64 

326 

5,41X1 

0.77 

400 

6,010 

1.41 

: 462 

7,045 

2.10 

560 

9.350 

4.03 

W 

4.41 

296 

6.540 

0.94 

364 

8,000 

1.71 

420 

9.250 

2.62 

515 

11,320 

4.87 

6 

314 

5.25 

272 

7.780 

111 

334 

9.525 

2.03 

386 

11,000 

3.12 

472 

13.450 

5.80 

7 

7.14 

233 

10.590 

1.52 

286 

12.950 

2.77 

330 

14,980 

4.24 

405 

18.330 

7.90 

8 

42 

9.33 

204 

13,820 

1.98 

250 

16,010 

3.61 

2M) 

19,550 

5 54 

354 

23.050 

10.30 

9 

47 

11.81 

181 

17,500 

2.51 

222 

21.400 

4.57 

250 

24,750 

7.01 

314 

30.300 

13.05 

10 

52 

14.58 

103 

21,600 

3.00 

200 

26,450 

5.65 

231 

30,550 

8.05 

283 

37.400 

16.10 

11 

58 

17.64 

148 

26,150 

3.74 

182 

32,000 

6.85 

210 

37, (XX) 

10.48 

257 

45,250 

19.48 

12 

63 

21.00 

130 

31,100 

4.45 

167 

38.KK) 

8.15 

193 

44,050 

12.48 

236 

53,900 

23.20 

13 

68 

24.65 

1*25 

36(500 

5.22 

154 

44,7(X) 

9.50 

178 

51,650 

11.02 

217 

( 03,200 

27.20 

14 

73 

28.68 

116 

42(350 

6.00 

143 

51,900 

11.08 

165 

60, (XX) 

16.96 

202 

73.2IX) 

31.55 

15 

78 

3390 

109 

48,550 

6.95 

1 133 

50.500  . 

12.70 

154 

68,850 

19.40 

189 

84,  RX) 

36.25 

16 

''l 

37.32 

11)2 

55,300 

7.91 

125 

07,750 

14.46 

144 

78.300 

22.15 

177 

95,750 

41.20 

17 

SO 

42.14 

96 

02,500 

8.95 

| US 

76,500 

10-3*2 

136 

88,400 

25.00 

107 

106.000 

46.50 

18 

94 

42.24 

91 

70,000 

10.01 

111  1 

1 85,600 

18.30 

12S 

99.100 

28.05 

157 

I2I.21X) 

52.15 

19 

99 

52.63 

86 

7S.1XX1 

11.15 

105  ‘ 

95,500 

20.40 

122 

1 10.24X1 

31.25 

149 

135,000 

58.05 

20 

105 

58.32 

82 

8T..450 

1236 

100  ( 

105,850 

2*2.00 

110 

122.200 

34.65 

142 

149,500 

64.45 

1 Diameter 

2*  Static  1’rrxMirc 

2H*i 

Static  Pmwure 

3*  f= 

Katie  Premure 

3H# 

Static  Premure 

of 

Area 

wm 

1.154  Ounce* 

- l 

.44*2  Ounce* 

mm 

1.734  Ounce* 

m 

2.019  Ounce* 

Rla»t 

of 

Sin* 

Wheel 

Outlet 

j Volume 

Volume 

| 

| Volunve  | 

Volume  I 

Inch*** 

Square  Ft. 

R.P.M. 

Cubic  Ft. 

H.P. 

R.P.M. 

Cubic  Ft. 

H.P. 

R.P.M. 

Cubic  Ft. 

H.P. 

R.P.M. 

Cubic  Ft. 

H.P. 

per  Min. 

per  Min. 

per  Min. 

tier  Min. ; 

3 

154 

1.31 

1088 

.3,«K) 

2.21 

1215 

4(360 

3.08 

1332 

4,770 

4.05 

1443 

— 

5,150 

5.13 

18  m 

1.79 

934 

6(300 

3.01 

1010 

5,930 

4.19 

1141 

6,495 

5.53 

1238 

7,010 

0.98 

4 

204 

2.33 

817 

6,920 

3.93 

912 

7.730 

5.47 

1000 

8,480 

7.22 

1082 

9,160 

9.12 

{H 

2314 

2.95 

726 

8.750 

4.97 

810 

9,795 

0.93 

S90 

10,740 

9.14 

904 

11,500 

11.55 

5 

264 

3.61 

655 

111,820 

6.15 

730 

12.070 

8.55 

84X1 

13.250 

11.20 

868 

14.31X) 

14.25 

5,4 

284 

4.41 

595 

i 13,100 

7.43 

604 

14.000 

10.35 

728 

10.030 

18.62 

789 

17,300 

17.25 

6 

314 

5.25 

515 

15.550 

8445 

609 

17,391) 

1230 

607 

19.090 

16.22 

79 1 

20,600 

20.55 

7 

7.14 

468 

21.209 

12  02 

m 

23,050 

16.75 

572 

20,000 

22.10 

620 

28,050 

27.95 

8 

42 

9.33 

41X1 

| 27,650 

15.70 

456 

30,900 

21.90 

500 

33.950 

28.85 

512 

36,900 

36.50 

9 

47 

11.81 

361 

1 35,050 

19.90 

405 

39,100 

27.70 

445 

42.950 

36.55 

482 

46,350 

46.20 

10 

52 

14.58 

327 

1 43,250 

24.55 

365 

48,300 

34.20 

400 

53.000 

45.15 

433 

57,200 

57.00 

11 

58 

17.64 

297 

52,300 

29.70 

332 

58,450 

41.45 

364 

64.100 

54.00 

394 

60,300 

09.00 

12 

63 

21.  (X) 

373 

62.31X) 

35.50 

304  i 

69,550 

49  25 

334 

70,400 

65.00 

301 

82,500 

82.15 

13 

l.S 

24.65 

252 

73,050 

41.50 

280 

81,609 

57.80 

31  IS 

WdttO 

70.30 

334 

96,760 

96.45 

14 

73 

28.68 

234 

84.900 

48.13 

261 

94,609 

07.05 

286 

103.91X1 

88.70 

310 

112,050 

111.90 

15 

78 

32.80 

218 

97,250 

55.25 

243  1 

108,700 

77.<Xl 

267 

1 19.200 

101.50 

289 

128.800 

128.20 

16 

81 

37.32 

SOfl 

1 10.750 

62.85 

228 

1 23,600 

87.50 

250 

I35J00 

1 15.50 

271 

140,41X1 

146. (HI 

17 

89 

42.14 

192 

125.000 

71. (XI 

214 

139,500 

99.  (XJ 

235 

153,100 

130  30 

255 

165,300 

104.80 

18 

94 

47.24 

182 

140.000 

79.50 

ju; 

156,500 

1 10.80 

*»22 

171,800 

140.00 

241 

185,300 

184.00 

19 

99 

52.63 

172 

150,000 

88/55 

192 

174,200 

123.40 

211 

191.200 

162.80 

228 

206,200 

206.00 

20 

105 

58.32 

104 

, 1 73.1  X X l 

98.25 

183 

103, (XX! 

136  JO 

200 

212.1XX) 

180.30 

217 

229,000 

228.00 

Total  Premurc  i*  127.4  % ol  tlie  Ruled  Static  Premure. 


Fan  System  of  Heating,  Ventilating  and  Humidifying 


Capacities  of  Buffalo  Turbo  Conoidal  Fans  (Type  T)  Under 
Average  Working  Conditions 


70'5  K.  »n<!  29.92*  BvoneMf 


8t*e 


3 

34 

4 

<4 

0 

54 

r» 

7 

74 

8 

»4 

9 
to 

11 

12 

13 

14 

15 

10 


Sije 


4 

44 

5 

54 

li 

?* 

74 

H 

J4 

10 

11 

12 

13 

14 

15 

in 


Diameter  Arva 
R1W(r  "1 

VM 

Incbm  Square  ft 


Static  PrrtMure 
- 0.2KH  Ounce* 


1<M 
17 1. 
at* 
22« 

2.'.*  4 

a#w 

:*i»a 

at1. 

•tin, 

a»». 

42‘* 

45  H 

4S 
51  >4 

3} 

08 

734 

70 

«44 

904 


Diameter 

of 

Blast 

Wheel 


0.91 

1.31 

1.79 

2.33 
2.95 
3.54 
4.41 
5.25 
6.16 
7.14 
VI 9 

9.33 
10.53 
II  HI 
14.5$ 
17.04 
21.00 
24.55 
28.68 
32.80 
37.32 


H P.  M 


1,115 

930 

797 

097 

520 

558 

507 

455 

430 

398 

372 

349 

328 

310 

279 

254 

232 

214 

198 

185 

174 


Volume 

Cubic  Ft. 
per  Min. 


I, 230 
1,770 
2,410 
3,140 
3,980 
4.910 
5.950 
7,070 

8.300 
9,630 

II, 050 
12,590 

14.200 
15,900 
19.1350 
23.800 

28.300 

33.200 
38,500 

44.200 

50.300 


0.20 

0.28 

039 

0.51 

O.tVft 

0.70 

0.95 

1.14 

1.33 

1.55 
1.78 
2.02 
2.28 
2.50 

3.15 
3.82 

4.55 

5.34 
5.20 
7.11 
8.09 


Area 

of 

Outlet 


2*  Static  Pleasure 
■ 1.154  Ounces 


Inches  Square  Ft, 


Volume 
K.P.M.  Cubic  Ft  H.P. 
per  Min.  | 


20 

224 

254 

28H 

314 

34  M 

354 

394 

424 

454 

48 

514 

564 

524 

Ii8 

734 

79 

844 
90 1 4 


0.91 

I. 31 
1.79 

2.33 
2.95 
3.54 
ft  41 
5.25 
5.15 
7.14 
8.19 

9.33 
10.53 

II. 81 
14  58 
17.5ft 
21.00 
24.65 
28.68 
32.KO 
37.32 


2.225 

1,850 

1,595 

1,395 

1,240 

1,117 

1,015 

932 

850 

799 

745 

700 

657 

621 

559 

507 

465 

430 

399 

373 

349 


2.455 

3.540 

4.800 
5.270 
7.950 

9.800 
11,880 
14,120 

15.500 
19,250 
22,100 
25,100 
28.41 10 
31,800 
39.31  M) 
47,450 

541.500 
60,200 
75.8181 

88.500 
1 IS  1,54  HI 


1.50 

2.29 

3.12 

4.08 

5.16 

0.37 


44*  Static  Pressure 
■a  0.433  < hinees 

1*  Stntic  Pressure 
— 0.577  1 hlMN 

K.P.M. 

Volume  | 

Cubic  Ft. 
per  Min- 

HP. 

It  P M. 

Volume 

Cubic  Ft . 
per  Min. 

H.P.  II 

1,368 

1,600 

0.36 

1,580 

1,740 

0.56  1 

1,140 

2,160 

0.52 

1,315 

2,500 

0.81  1 

976 

2.940 

0.71 

1.130 

3,410 

1.10  1 

1 855 

3,850 

0.93 

987 

4,450 

1.44  1 

760 

4,860 

1.18 

879 

5.640 

182 

684 

6,  (MW 

1.45 

790 

6/150 

2.25 

621 

7,270 

1.70 

719 

8,400 

2.72 

670 

8,650 

2.09 

658 

10.000 

3.24 

526 

10.200 

2.46 

608 

11,750 

3.80 

488 

11.780 

2.86 

565 

13,610 

6.40 

456 

13.500 

3.27 

526 

15,610 

5.05 

428 

15,370 

3.72 

195 

17,800 

5.75 

402 

17,389 

4.21 

465 

20,100 

6.54) 

3SO 

19,450 

4.71 

440 

22,500 

7.29 

342 

24 ,060 

5.82 

395 

27,800 

9.00 

311 

29,100 

7.05 

359 

33.700 

10  90 

286 

34,600 

8.40 

329 

40,1  (Mi 

12.95 

263 

40,000 

9.86 

304 

47.000 

15.20 

244 

47.100 

11.40 

282 

54,500 

17.62 

228 

54,050 

13.08 

264 

62,600 

20.20 

214 

61,500 

14.90 

247 

71,200 

23.00 

2Vs#  Static  Pressure 

3#  Static  Prwwure 

- 

1 .442  Ounces 

1. 7:4-1  Ounces 

Volume 

Volume 

K.P.M. 

Cubic  Ft. 

HP. 

K.P.M. 

Cubic  Ft 

H.P. 

jsir  Min. 

per  Min. 

2,490 

2.750 

2.22 

2,740 

3,010 

2.94 

2.075 

3,960 

3.19 

2.282 

4,3:10 

4.23 

1,780 

5,390 

4 35 

1,968 

6,800 

5.75 

1.559 

7,050 

5.08 

1,713 

7.700 

7 52 

1,385 

8,921) 

7.19 

1,522 

9.740 

0.52 

1.249 

11,000 

8.87 

1,370 

12,000 

11.76 

1.133 

1 13,300 

10.76 

1,245 

14,550 

14.23 

l.Otl) 

I 15,800 

12.78 

1.141 

17,300 

16.92 

960 

18,600 

15.00 

1.054 

20,300 

1 9.8/ 

891 

1 21.560 

17.40 

978 

23/150 

23.05 

831 

24.761) 

19.95 

914 

27.050 

26.40 

780 

28,150 

22.70 

856 

30,800 

30.10 

736 

31,800 

25.00 

807 

34,750 

33.95 

693 

35,600 

28.76 

761 

38,950 

38.06 

625 

44,000 

35.50 

685 

48,1110 

47.00 

567 

53,250 

42.95 

623 

56,150 

56.90 

520 

63/iOO 

61.10 

570 

00.250 

67.70 

480 

74,400 

60.00 

527 

81/100 

79.40 

445 

86,300 

60.55 

489 

94.300 

92  in 

415 

99,000 

80.00 

466 

1 IOS,  (MW 

105.70 

390 

112,600 

‘.HI  *M 

j 428 

1 123,000 

120  50 

1 4*  Static  Pressure 
m 0.8415  Ounce* 


I Volume  1 

I I Cubic  Ft. 
|er  Min. 


960 

880 

SlHi 

743 

690 

645 

60ft 

500 

530 

483 

439 

102 

372 

315 

322 

302 


2.120 

3,060 

4,154) 

5,440 

6,890 

8,500 

10,300 

12,230 

14,350 

15,1150 

19.100 
21,750 
24,600 

27.500 

34.000 

41.100 

49.000 

57.500 
65.700 

76.500 
87.  MM) 


IIP. 


1 03 
1.48 

2 02 
2.84 
3.34 
4.12 
5.00 
5.77 
696 
8.09 
9.27 
10.55 
1190 

13.35 
16.50 
19.95 
23.80 
27.90 

32.35 
37.15 
42  25 


Fan  System  of  Heating,  Ventilating  and  Humidifying 


3'*'  Static  IWiure 
« 2-019  Ounces 


% 

» 


K.P.M. 


,453 

.115 

1,850 

1,645 

1.480 

1,345 

1,232 

1.139 

1.056 

987 

925 

870 

822 

740 

673 

615 

569 

528 

493 

152 


Volume 

Cubic  Ft. 
per  Min. 


3/250 

4.680 

6,360 

8,320 

10.550 

13.000 
15,750 
18,700 

22.950 
25.454) 
29.200 
33.300 

37.551) 

41.050 

52.000 

62.000 

74.950 
87,900 

101,900 
1 I7/W0 
133/WO 


HP. 


3.69 

5.30 

7.22 

9.45 

11.95 

14.75 
17.S5 

21.25 

24.90 

28.90 
.33.20 

37.75 

12.25 
47.80 

59.00 
71.46 

86.00 

99.60 

1 15.60 

133.00 

151.00 


4 


80 


IOO 


120 


140 


160 


# c 


Total  Pressure  is  122.7  €'c  of  the  Killed  Static  Pressure. 
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Fan  System  of  Heating,  Ventilating  and  Humidifying 


Fan  System  of  Heating,  Ventilating  and  Humidifying 


Carrier  Type  “A”  Air  Washer  with  Humidity  Control 


Carrier  Type  “A”  Air  Washer 

Dimrnitionii  and  Capacltl** 


Ij 

ft 

S'* 

1 

li 

t * 
1 .s 

1 1 

SiK  Door 

Gallon* 
per  Minute 

Water 

Pipe* 

a 

<z 

INi 

55 

« 

mp 

II 

p. 

S ten  in  Pip* 

1 

S 

£ 

(£ 

■s 

3 

2 

Capacity 
Cubic  Feet  Air 
per  Minute 

Number 

| 

i 

Flooding 

■5 

& 

To  Pump  I 

i 

£ 

0 Pound* 

• 

-0 

- 

1 

•O 

it 

- 

e 

fiQ 

| 

•r. 

.3 

Vj 

'205 

2S.0 

0 

6 

14 

1H 

•1 

1 H 

17ui 

.9 

2 

1 

1 

I'—V, 

1600 

1A 

0.2:1 

00.6 

IS 

lo 

28 

it 

*4- 

1.2 

•• 

14 

14 

y_0> 

3100 

2A 

1 

02.5 

27 

15 

42 

2 

1 5 

" 

2 

U» 

4'— 

4800 

3A 

13  8 

134 

8 

30 

20 

50 

»• 

• • 

1.8 

Y~ 

Si 

2 

ft 

S'— 114 

ft 

0400 

4A 

10.0 

166 

H 

45 

26 

70 

" 

“ 

• • 

2.1 

24 

“ 

O'— 8* 

< 

si  KH  1 

5A 

10.3 

is: 

ft 

6t 

31 

85 

3 

*■ 

2 

*4 

2.4 

*• 

it 

7'— 114* 

N 

f 

0700 

OA 

22.0 

219 

X 

63 

30 

90 

" 

•« 

•4 

2.7 

•• 

3 

J, 

9'— 3<4 

11300 

7A 

36.0 

261 

•O 

72 

41 

113 

**  ’ 

•« 

*« 

44 

3.0 

"T" 

4* 

" 

I0T-7U 

13000 

8A 

30.1 

2 H2 

HI 

40 

127 

r 

24 

(4 

3.3 

" 

8 

II'—  II* 

1 460( » 

0A 

32.4 

316 

0O 

62 

142 

** 

“ 

3.6 

34 

13' — 2*4 

10300 

I0A 

367 

3 10 

00 

67 

180 

- 

•* 

JU> 

** 

1 1'— ou 

17800 

1 1 A 

4.13 

39  2 

11 

5 

10 



w 

171  Ml 

1.0 

2 

1*4 

1 

1'— S'4 

2100 

IB 

X 71 

84.5 

22 

10 

32 

•• 

" 

1.3 

•• 

2 

14 

2 — # 

4400 

2B 

13.3 

120 

33 

15 

48 

•• 

" 

•• 

1.0 

" 

4'-«‘* 

6700 

.3  It 

17.# 

171 

43 

20 

03 

•• 

•• 

•• 

1.0 

3 

2H 

i 

S' — 44 

04KMI 

in 

228 

218 

9 

64 

2ft 

79 

21, 

•• 

2 

2 3 

3 

6'— 8' 

L. 

11300 

5B 

27.1 

263 

05 

31 

90 

3 

•* 

" 

20 

•• 

3 

7'— 11*4 

1304  Ml 

41  Ft 

31.7 

308 

7.1 

311 

112 

•• 

•• 

r. 

*• 

3.0 

5 

*• 

•• 

T 

9'— 314 

IftXOO 

711 

Wi.2 

351 

X 

K7 

41 

128 

“ 

" 

24 

•• 

3.3 

" 

3>, 

•• 

•5 

«<•' 

1KKNI 

SB 

40-H 

3!Mi 

*2 

#7 

40 

143 

r 

3 0 

314 

11'—  ir 

2UICMI 

9« 

45.4 

140 

108 

62 

WO 

•• 

" 

4.0 

4 

•• 

13’  2 1 *j 

22700 

IOO 

60.0 

486 

119 

A7 

1711 

•• 

** 

4 4 

•• 

11’— tH. 

25000 

1 1 It 

54.0 

630 

130 

62 

102 

** 

** 

4.7 

7M  1 “ 

4 

IS'— 10* 

27300 

I2B 

0.  in 

02.0 

IX 

6 

23 

14 

fi 

Ifi- 

1 7110 

1.1 

2 

14 

l"*4 

1'  S'* 

3200 

IC 

13.7 

13:4 

3fi 

lo 

40 

2 

•• 

1.0 

" 

2 

2 

r— 9* 

0000 

2C 

200 

203 

ft4 

16 

09 

" 

•• 

2.1 

3 

24 

2' 4 

V — 0*4 

14)54  M) 

3C 

28.1 

273 

72 

20 

02 

3 

« 

2 

*• 

2.0 

•• 

3 

3 

s'— 44 

1414MI 

4C 

35.3 

343 

00 

25 

115 

** 

•• 

" 

3.1 

6 

34 

" 

it'—#* 

1771*0 

6C 

13  8 

413 

108 

31 

139 

3 

" 

24 

*• 

30 

** 

3 >4 

7'  11*. 

21300 

6C’ 

49.7 

483 

120 

30 

102 

“ 

•• 

•* 

•• 

4.1 

•• 

4 

*• 

O'— 31, 

24900 

7 V 

509 

563 

111 

«i 

lxft 

•• 

•• 

*• 

4.0 

•• 

" 

4 
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2"— 9K 

e— ik 

JO  I — » 

1 

5800 

12300 

18700 

IE 

2K 

3E 

60.3 

63.1 

76 

164 

206 

24H 

A 

M 

2,K 

•• 

3.02 

3.05 

4.27 

5 

4 

4P 

* 

4 >4 

S'— 5* 

S4H 

25200 

31600 

36000 

4E 

5E 

HE 

89 

102 

116 

290 

332 

3711 

** 

4 

3 

4.90 

650 

0.12 

7‘> 

6 

5 

0 

O'— 4' 
KK-7K 
II'— II  >4 

1 1500 
61000 
57500 

7E 

SE 

9E 

i»E 

HE 

I2E 

I3E 

UK 

I5E 

127 

140 

153 

414 

456 

500 

** 

s 

• 4 
«• 

4 

1120 

41.72 

7.32 

7.85 

10 

7 

*• 

•I 

7 

13’— 3' 
M’— Cl). 
■S'— io*4 
ir— 2>, 

IS'— O' 
19* — 9*4 

70000 

76500 

I0r, 

170 

102 

540 

5M 

620 

• • 
•• 
«• 

!« 

•• 

8-30 
8.841 
9 20 

*• 

8 

:: 

831  Mil) 
90000 
96000 

204 

217 

2311 

213 

im 

70(1 

760 

702 

6 

4. 

5 

•j 

9 70 
10.20 
10.60 
11  in 

15 

•• 

to 

8 

" 

•• 

10 

21'— 1)9 
22' — 6 

S5B 

102000 
108000 
1 154NK1 
122000 

l«lK 

I7E 

ISE 

IBE 

256 

26H 

2S2 

206 

836 

874 

020 

062 

•« 

„ 

11.50 
12.00 

12.50 
12.90 

" 

29'— 11)4 
IKK— V,\ 

128000 

131000 

141000 

148000 

aufc 
21 E 
22  E 
23E 

• i% 


ft  m 


Dimension*  and  Ca  pari  lie* 


ftft 

IS 

E9 

Si 

ir 

c 

11 

1 

Water 

Pipe* 

p 

imp 

in 

?. 

8(Mm  Pipe 

3 

9 

s 

Sa 

51-  a 

t 

if 

M 

a 

& 

§ 

To  Pump 

1 

£ 

J 

<z 

S 

« 

0 

M 

e 

m 

tm 

32 

8 

X 

1 

1 

0 

1 

1 

Cm 

•O 

| 

3 

5 

H 

■5  i.s. 

I*-* 

'-|S< 

O 

1 

V* 

14. 

45.0 

IK 

*4 

l,K 

1700 

1.35 

2 

2 

1'— 54 

7000 

IP 

29.5 

90 

2>, 

•* 

2.12 

3 

* 

3 

r— »4 

1-1MKI 

2K 

45 

140 

3 

2 

2.80 

5 

3 '4 

3*4 

4'— 1«,' 

22500 

3F 

00.5 

198 

" 

• 4 

2)» 

•• 

3.97 

*• 

4)4 

4 

5' — 5* 

30300 

4P 

70 

248 

" 

•• 

4 42 

** 

5 

4)4 

6’— 8*4 

3NXHI 

5P 

91.5 

286 

4 

** 

3 

•* 

5.20 

7)4 

0 

5 

8’ — 0*, 

45600 

(IP 

107 

350 

•• 

“ 

" 

•• 

5.97 

*• 

■' 

44 

9'— 4* 

53600 

7P 

122 

398 

** 

" 

•* 

6.72 

** 

" 

(1 

UK— 7*1 

01OOO 

SK 

188 

460 

5 

" 

4 

1120 

7.47 

10 

7 

12-— 11)4 

69000 

9 V 

151 

502 

44 

•* 

8.10 

•• 

** 

7 

13'— 3- 

7701*1 

IOP 

llXt 

550 

2 

** 

M 

*• 

8.05 

•• 

" 

j". 

14'— 

85000 

IIP 

185 

000 

w 

" 

** 

920 

8 

44 

15'— 104 

93000 

I2F 

200 

052 

ft 

44 

** 

•• 

9.811 

15 

** 

44 

CO 

17’— 2*, 

J 

1 1 MM  M ■> 

I3P 

21.1 

704 

" 

" 

" 

•• 

10.40 

*' 

'* 

8 

IS'— <v 

lliSJNri 

UP 

232 

756 

0 

5 

** 

1095 

- 

•• 

** 

19'— 9*,' 

1 11x100 

ISP 

246 

8114 

•• 

" 

•• 

11.50 

*• 

HI 

44 

21'— 1*4 

123000 

I0F 

262 

854 

• • 

•• 

" 

12.10 

*• 

44 

IV— 5' 

131000 

17P 

278 

911s 

" 

•* 

•• 

12.70 

•• 

10 

23'-S4* 

130000 

ISP 

294 

660 

" 

** 

** 

13.20 

*• 

25'— 1* 

147000 

IBP 

308 

1004 

" 

• • 

•• 

13.75 

" 

20' — 1*4 

154000 

20  F 

324 

1056 

•• 

“ 

14.25 

" 

" 

•• 

27'— S* 

102000 

21  p 

340 

1108 

•• 

•• 

•• 

14.75 

20 

•• 

28'— 11* 

1 7(XI00 

22P 

35ft 

■ ICO 

8 



0 

15  25 

** 

30'— 3X 

17SOOO 

23  P 

16.4 

53.4 

2 

*4 

i1* 

17(81 

1.47 

2 

2', 

2 

r— 

8300 

ICI 

34.5 

112 

2<4 

2 

2.35 

3 

3)4 

3 

2' — Ur 

173(10 

2(1 

52.6 

172 

3 

" 

'* 

3.25 

5 

4 

34 

4 ' — 1*4 

263IX) 

3(S 

70.7 

•• 

*• 

2)4 

4.12 

•* 

4 '4 

4)4 

5'— 64 

35400 

4U 

NO 

290 

•• 

•• 

5.00 

7'4 

5 

5 

6'— 

44500 

5< ; 

107 

350 

4 

" 

3 

5.90 

0 

S'— OK 

53500 

OCl 

125 

408 

. 

•• 

•* 

•• 

(1.77 

" 

0 

1)4 

6250(1 

7(1 

144 

470 

5 

4 

1120 

7.00 

10 

7 

" 

UK— 8K 

72000 

nG 

162 

52S 

** 

** 

" 

8 30 

11 

7 

12-— O' 

81000 

9c; 

IN) 

586 

ft 

♦* 

•* 

“ 

8.05 

S 

13'— 3)4 

IHNIUO 

11*: 

198 

040 

e? 

** 

•• 

*• 

960 

IS 

•• 

" 

ft 

14'— 7(, 

V, 

•8MMN) 

llCi 

216 

700 

M 

•« 

** 

" 

1025 

" 

•• 

8 

1 

15'—  II* 

106000 

12G 

234 

704 

b 

6 

** 

5 

10.95 

• 4 

•• 

*' 

% 

17' — 2*, 

J 

117000 

13(1 

2*2 

820 

" 

" 

** 

II.  (SO 

10 

" 

18'— 6)5 

120000 

lie 

270 

880 

" 

■* 

“ 

12.25 

M 

19'— HU , 

135000 

150 

288 

940 

•» 

" 

*' 

12  90 

• • 

ID 

21'— 2 

14HMXI 

io< ; 

906 

1900 

44 

** 

** 

13.50 

*' 

** 

•* 

22* — 5*4 

153000 

i7<; 

324 

1U.II 

•• 

" 

" 

14.10 

" 

•* 

44 

23'— 0U 

102000 

in; 

342 

1120 

" 

** 

M 

14.70 

20 

25'— 1* 

171000 

19T. 

800 

UN) 

S 

,4 

0 

•• 

15.25 

" 

12 

44 

26' — 14 

180000 

20(1 

378 

1210 

i “ 

" 

•• 

•• 

15.70 

•• 

*■ 

27'— 8'., 

189000 

2K1 

398 

1300 

1 M 

" 

10  20 

*• 

1 ** 

“ 

20'—  0* 

199000 

22(1 

410 

1900 

10  85 

! " 

:«K— 3*4 

! 206000 

23(1 
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Sizes  and  Dimensions  of  Buffalo  Standard  Heaters 


Number 

of 

Pipes 

Ix'llJCtll 

of 

Section 

Section 

Number 

Extreme 

Height 

of 

Section 

Width 

of 

Section 

Linear  Feet 
of 

1*  Pipe 
per 

Section 

Total 
Effective 
Suuarc  Feet 
of  Heating 
Surface 

1— _ __ __ 

Equivalent  in 
Linear  Feet 

of  Y Pipe 
„ Per 
Section 

Clear  Aren 
for 

Air  Pawnee 
St|.  Ft. 

Weight 

Pounds 

1A 

3'-4’ 

140 

54.7 

159 

4.4 

473 

2A 

3'-10' 

108 

64.2 

1S6 

5.2 

515 

56 

3' 

3A 

4-4' 

8J*' 

100 

74.0 

215 

6.0 

565 

4 How 

4A 

4'-10' 

224 

83.7 

243 

6.8 

616 

5A 

S'-4’ 

252 

93.3 

•271 

7.6 

656 

6A 

S'-IO* 

•I’so 

102.5 

298 

8.4 

708 

IB 

5'-4* 

320 

119.0 

346 

e t 

819 

72 

4' 

2B 

5-10' 

8H' 

356 

131.6 

382 

10.7 

877 

4 Row 

3B 

G'-4’ 

302 

143.9 

418 

11.2 

938 

4B 

6'-10' 

4-28 

156.5 

455 

12.6 

1003 

~7c 

S'-10' 

306 

148.2 

431 

12Tl 

997 

SO 

4'-G' 

2C 

G'-4' 

m' 

436 

162.0 

480 

13.1 

1055 

4 Row 

30' 

ti'-10' 

476 

174.8 

507 

14.2 

1127 

4C 

7'-4* 

516 

188.6 

548 

16.3 

1174 

ID 

«'-4' 

476 

174.3 

507 

14.1 

1182 

ss 

5' 

2D 

G'-10' 

8H' 

520 

189.3 

550 

15.4 

1262 

4 Row 

3D 

7'-4' 

564 

204.8 

595 

16.6 

1325 

4D 

7'-10' 

60S 

219.8 

638 

17.7 

1407 

IE 

7'-4' 

674 

245.0 

712 

19  8 

1505 

104 

6' 

2E 

7-10' 

w 

726 

262.9 

763 

21.3 

ltMXI 

4 Row 

3E 

S'-4' 

778 

280.8 

816 

22.7 

1695 

_4E 

8-10' 

830 

298.7 

868 

24.2 

1770 

10 

7'-4* 

796 

291.0 

8-15 

23.6 

1845 

7 ' 

2G 

7'- 10' 

860 

313.2 

910 

25.4 

1950 

128 

4 Row 

30 

8'-4' 

84' 

924 

335.2 

974 

27.2 

•2055 

40 

S'-10' 

988 

357.2 

1037 

29.0 

2160 

SO 

9'-4' 

1052 

379.2 

1101 

30.7 

2280 

tIG 

9'-10' 

1116 

401 .2 

1163 

32.5 

2380 

All  Buffalo  Standard  Heaters  are  regularly  furnished  in  the  return  bend  patten), 
furnished  on  special  order  only. 

Note— All  heaters  furnished  in  return  bend  pattern  unless  otherwise  specified. 


The  open  area  pattern  is 


Friction  of  Air  Through  Buffalo  Heaters 

Air  Measured  at  70°  F.  and  21.92*  Barometer. 

Low  of  Air  Premia  re  in  Inrhea  of  Water  per  Square  Ineh. 


Velocity 

Through 

Number  of  Section* 

Arc* 

1 

2 

f 3 

4 

5 

6 

7 

8 

300 

0.009 

0.017 

0.026 

0.036 

0.043 

0.052 

0.060 

0.069 

too 

0.015 

0.031 

0.046 

0.(M’>2 

04)77 

0.092 

0.108 

0.123 

500 

0.024 

0.049 

0.073 

0.096 

0.104 

0.144 

0.168 

0.192 

tiotl 

0.085 

0.060 

0.104 

0.138 

0.173 

0.207 

0.242 

0.276 

700 

0.047 

O.tMU 

0.141 

0.188 

0.235 

0.2S2 

0.329 

0.376 

•StK) 

0.061 

0.123 

0.IS4 

0.245 

0.306 

0.368 

0.429 

0.490 

<NX) 

0.078 

0.155 

0.233 

0.31 1 

0.388 

0.466 

0.544 

0.621 

KMX) 

0.096 

0.191 

0.287 

0.382 

0.479 

0.571 

0.670 

0.765 

lino 

0.116 

0.232 

0.347 

0.463 

0.579 

0.695 

0.810 

0.926 

1200 

0.1 3S 

0.276 

0.414 

0.551 

0.689 

0.827 

0.965 

1.103 

1 3(X) 

0.162 

0.324 

0.486 

0.648 

0.810 

0.972 

1.433 

1.296 

14(M) 

0.187 

0.375 

0.562 

0.750 

0.986 

1.124 

1.31 1 

1.500 

ir.(M) 

0.215 

0.431 

0.646 

0.861 

1.077 

1.293 

1.608 

1.722 

1600 

0.245 

0.490 

0.735 

0.980 

1.226 

1.471 

1.716 

1.961 

17(X) 

0.277 

0.555 

0.831 

1.110 

1.387 

1.664 

1.940 

2.218 

1800 

0.310 

0.620 

0.930 

1.240 

1.550 

1.860 

2.167 

2.480 

Pc&  96 
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Fan  System  of  Heating,  Ventilating  and  Humidifying 


Fan  System  of  Heating,  Ventilating  and  Humidifying 


Final  Temperatures  and  Condensations 

Buffalo  Standard  Heater 

5 lbs.  Si  cam  Prewar*  227 jO*  F 


5 Lbs. 


Final  Temperatures  and  Condensations 

Buffalo  Standard  Heater 

20  lbs.  Steam  Preaumrc  2J3.8*  p 


20  LBS. 


Velocity  oi  Air  in  Fret  j>*r  Minuo*  Measured  at  7(1*  K.  and  29.92"  Barometer 


Velocity  ot  Air  in  Feet  per  Minute  MraMinxI  nt  70®  F.  and  Barometer 


if 

Number  of 
Heater  Section* 

ooo 

800 

1000 

1200 

1400 

1600 

1800 

u 

i 

sg 

■f 

£ 

tii 

3*1 

F.  T. 

c. 

F.T. 

c. 

F.  T. 

c. 

F.T 

c. 

F.  T. 

c. 

F.T. 

c. 

•F 

1 

48 

Pounds 

.536 

40 

.052 

44 

.759 

42 

.835 

40 

.907, 

39 

.901 

38 

1.023 

2 

73 

. 109 

08 

.010 

64 

605 

62 

. 795 

59 

.862 

57 

.935 

54 

966 

3 

1M 

K17 

88 

.573 

S3 

.661 

79 

. 745 

75 

.*12 

72 

.*75 

09 

929 

2U° 

4 

113 

.434 

105 

. 530 

99 

625 

91 

. 702 

90 

.771 

s7 

*17 

83 

.895 

5 

127 

.407 

120 

.505 

113 

5*0 

IOCS 

.067 

103 

.737 

100 

.810 

95 

. 856 

0 

111 

.381 

133 

.470 

120 

.558 

121 

.1537 

115 

. 702 

111 

.700 

107 

.823 

7 

152 

.358 

ill 

.4  49 

137 

.526 

131 

OOO 

126 

.008 

121  | 

. 720 

117 

.7*5 

3 

182 

.337 

155 

.425 

147 

.502 

141 

,573 

135 

,035 

131 

.709 

.752 

1 

57 

.512 

55 

.032 

52 

.728 

51 

. 7W 

50 

.885 

48 

.910 

47 

,957 

2 

80 

.475 

7ti 

.581 

72 

.664 

60 

. 7 39 

07 

.819 

05 

,*So 

63 

.937 

3 

too 

441 

94 

539 

89 

.620 

86 

.706 

83 

.7SO 

80 

.840 

77 

.889 

30“ 

4 

117 

.412 

no 

..500 

104 

.587 

I0U 

.6)15 

is; 

.730 

93 

. 706 

90 

.*53 

3 

132 

.887 

124 

.470 

no 

.556 

113 

.031 

100 

.7110 

105 

. 7)19 

102 

,*29 

6 

115 

303 

137 

.450 

130 

. 520 

125 

.600 

120 

.064 

116 

.721 

112 

.779 

7 

158 

.340 

147 

.421 

141 

54HI 

135 

.568 

130 

.630 

126 

.691 

122 

.745 

8 

105 

.310 

157 

. 4tX> 

1541 

.473 

144 

.539 

130 

.64)0 

135 

.603 

131 

,7ia 

1 

06 

.494  , 

04 

.600 

62 

.006 

60 

.759 

59 

.810 

57 

.SCO 

5U 

910 

2 

88 

455 

83 

.544 

80 

<«i 

77 

. TOO 

75 

.775 

73 

.834 

71 

.**0 

3 

loti 

.410 

HHI 

.502. 

90 

.589 

92 

.656 

90 

.735 

87 

.790 

85 

,*51 

40* 

4 

123 

393 

115 

.171 

111 

.560 

100 

.626 

193 

.690 

1U> 

.758 

97 

SHI 

5 

137 

308 

129 

.454) 

124 

532 

119 

1-01 

115 

601 

111 

.719 

108 

775 

(S 

149 

342 

111 

.425 

135 

. 500 

I3U 

.560 

•25 

.620 

121 

.082 

118 

73* 

7 

150 

.321 

151 

.400 

145 

473 

139 

.530 

134 

.593 

131 

. 655 

127 

705 

8 

168 

.303 

itio 

.378 

151 

.450 

I4S 

.511 

143 

.508 

140 

.030 

135 

.1173 

1 

74 

.455 

72 

.550 

70 

.633 

m 

7211 

67 

.752 

Otl 

SU9 

05 

.851 

2 

05 

427 

90 

.505 

K7 

.585 

85 

064 

83 

.730 

81 

.7*1 

79 

.824 

3 

112 

391 

107 

.479 

1U3 

.556 

1011 

.631 

90 

.676 

94 

.740 

92 

795 

50“ 

4 

129 

374 

121 

.450 

117 

529 

113 

.598 

100 

.652 

ll*i 

. 70S 

101 

70S 

5 

112 

349 

134 

.425 

129 

.500 

124 

.>13 

120 

.020 

117 

1.79 

114 

729 

»1 

153 

. 325 

145 

.398 

140 

473 

134 

.531 

130 

MM 

427 

.048 

123 

.090 

7 

163 

305 

155 

,37* 

119 

. 145 

nt 

.500 

130 

.5*11 

136 

.019 

132 

.065 

S 

171 

.286 

mi 

350 

157 

.121 

152 

.4*3 

147 

. 534 

144 

.593 

no 

| .638 

1 

83 

434 

81 

,530 

79 

.600 

78 

.682 

76 

.710 

75 

.759 

74 

.79)1 

2 

102 

401 

99 

493 

96 

568 

93 

.625 

91 

685 

Ml 

.733 

87 

.707 

3 

119 

.373 

114 

. 455 

110 

.»» 

107 

593 

104 

047 

101 

689 

100 

75)1 

00* 

t 

134 

. 349 

128 

431 

123 

406 

no 

.562 

no 

.618 

113 

.070 

110 

710 

5 

146 

.326 

no 

.405 

135 

.473 

130 

533 

120 

.587 

123 

.638 

120 

.684 

9 

157 

.300 

151 

.381 

145 

44S 

140 

.506 

130 

.559 

132 

.006 

129 

.653 

7 

167 

.288 

ton 

154 

425 

149 

482 

145 

.534 

140 

576 

137 

.624 

8 

175 

.272 

108 

.340 

162 

.403 

157 

460 

153 

.512 

148 

555 

144 

.595 

i 

91 

.*»  ! 

89 

.506 

87 

538 

86 

.606 

85 

.065 

84 

.708 

83 

.710 

2 

1U9 

.370 

105 

442 

102 

.505 

mi 

586 

98 

.023 

97 

683 

95 

710 

3 

126 

353 

120 

.420 

116 

484 

113 

543 

110 

.500 

109 

656 

107 

.709 

TO* 

* 

1411 

.331 

133- 

.398 

129 

4145 

125 

.522 

122 

.575 

119 

.620 

117 
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Final  Temperatures  and  Condensations 

Buffalo  Standard  Heater  100  LBS. 

100  Ihv  Steam  Pressure  337.4‘F 


V elocity  of  Air  in  Feet  per  Minute  Measured  lit  70°  F.  ami  29.92*  Barometer 
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1.3611 

0 

200 

.020 

188 

.773 

177 

.903 

168 

1 100 

160 

1.128 

153 

1 . 223 

147 
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1 .086 

88 

1 199 

84 
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Final  Temperatures  and  Condensations 

Vcnto  Cast  Iron  Heater 

Regular  Section  —Standard  Spacing  ft*  Centers  of  Section*  Steam  5 lb.  Gauge  217° 

Velocity  Through  Heater  in  Feet  per  Minute.  Meanurrd  at  70°  F. 
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Friction  of  Air  Through  Vento  Cast  Iron  Heaters 

Friction  Lotto  in  Inrfcen  of  Water.  Air  Measured  at  70°  P. 
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Buffalo  Single  Vertical  Engines— Class  “A” 

Maximum  Hon«ep3wer  Allowable  for  Corresponding  Frame 

High  Pressure 


Maximum 

Horsepower 

Maximum 

R.  1*.  M. 

Cylinder 

I 1 

mid  Stroke 

Floor  Space 

Standard 
Fly  Wheel 

Steam  ium! 
Exhaust  Pipe* 
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Length 

Width 
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45 
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13  x 8 

43 

40 

78 

39 

7 

3 

3 1 2 

4160 

45 

400 

15  X 8 

43 

40 

78 

39 

7 

34 

4 

0490 

65 

350 

16  x 10 

52 

52 

96 

49 

114 

3 

34 

7150 
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5 

10830 

95 

300 

18  x 12 

62 

64 

118 

57 

13 

5 

6 

1 1270 

Buffalo  Horizontal  Engines,  Center  Crank— Class  “A” 


30 

300 

5x  10 

70 

30 

30 

40 

84 

14 

24 

1980 

30 

300 

6 x 10 

70 

30 

30 

40 

84 

14 

24 

2030 

50 

>50 

7 x 12 

so 

34 

32 

40 

s.4 

2 

3 

2750 

50 

250 

8 x 12 

86 

34 

32 

40 

84 

2 

3 

2970 

65 

225 

8 x 14 

102 

40 

37 

49 

10 

24 

34 

3850 

65 

225 

9 x 14 

102 

40 

37 

49 

10 

24 

34 

4070 

Buffalo  Single  Vertical  Engines  —Class  “I” 

Cylinder  Below  Shaft 


I 


Maximum 

Homrpower 

Maximum 
R.  P.  M. 

Cylinder  Diameter 
and  Stroke 

Steam  and  K: 
Steam 

xh*u»t  Pipe« 

Exhaust 

Weight 

5 

600 

3x84 

1 

14 

340 

74 

500 

4 x3*i 

1 

14 

370 

-11 

400 

44  x 5 

14 

14 

780 

184 

325 

54  x 7 

14 

1 

1100 

25 

275 

O'.i  x 8 

14 

•> 

1500 

30 

220 

74  x 9 

2 

24 

2000 
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= - =.-  Fan  System  of  Heating,  Ventilating  and  Humidifying  ■■■  = = 


= Fan  System  of  Heating, 


Ventilating  and  Humidifying  — = 


Planoidal  Fans 

With  Proper  Combinations  of  Heaters  and  Engines  for  Public  Buildings 
and  Industrial  Installations 


t, 

4 

B 

9 

55 

a 

s. 

Cubic  Feel  of 
Air  per  Minute 

Buffalo  Standard  Healer 

Engine 

Fan  Number 

Cubic  Feet  of 
Air  per  Minute 

Buffalo  Standard  Heater 

•2  6 
u 

AC 

c«  ft* 

h 

< 

Sire 

« _ 

6 
* i 

ij 

.6 

3i 

S fc 

O 6 

S? 
cc  S 

|| 

4 

Si 

il 

* 

Stic 

'Si 

iF 

o 

oo 

4,000 

0,440 

Single 

y»W4' 
;t'ir  x.r  io* 

3rCTx4'4# 

4.4 

0.2 

0.0 

8x0 

4x4A 

4x3)41 

120 

20,200 

37*060 

.Single 

Buck 

T.. 

Bark 

n's'xs'ur 

7'ii'xT'IO' 

r'trxs'i' 

7'0'xS'lO' 

7'o'x9jr 

7,t»'  »'i<r 

4'0'xlt'lO' 

4'fi'x5'IO' 

4'«'x)5'4' 

4'6'xtt'lO' 

4'0'x7'  4' 

5'0'xfl'4' 

O'O'xfi'IO' 

S'O'xT'V 

o'o'i7'ur 

21.2 

25.4 

27.2 

29.0 
307 

32.5 

25.2 

24.2 

26.2 

28.1 

30.6 
2H.2 
30.8 
33.2 
35.4 

00 

0,000 

7,780 

Single 

U'fJ'xU'IO" 

It'tTxt'l' 

:t’crx4'IW 

SViO'S' 

5.2 

DO 

0.8 

7.0 

8 x C 

4x4A 
4x3 »,l 

00 

0,000 

9,200 

Single 

s'o'xt'ur 

3'<rx,V4' 

;ro*i.','io* 

0.8 

7.0 

8.4 

SxB 

5x5A 

70 

s,930 

12,(00 

Single 

atrxo’ior 

t'trxo'i’ 

4'O'xO'IO* 

t'crxR't’ 

t’o'xfi'iir 

I'ti'x.Vlo* 

S.4 

9.7 

10.7 
112 
12.0 
12.1 

10x8 

5x5A 

4)4x51 

130 

30.550 

43,250 

Single 

Back 

To 

Back 

7'0'xS'lO' 

ru'x9'4* 

T'O'xO'lO' 

4'o'xfi'ur 

4'6'x7'4' 

vo'ifi'io' 

vtr*r*m 

o')rx7'i(r 

ii'u'xr4' 

itWKI' 

29.0 

30.7 
32.5 

28.4 
150.6 

30.8 
33.2 

35.4 

39.0 

42.0 

80 

11,630 

16,490 

Single 

i'<rxo’t’ 

I'iCus'iiy 

4'o'xyio* 

11.2 
12.6 
12.1 
18  1 

14.2 

10.3 
14.1 
.5,1 

10  x 8 

6x6A 
SMX7I 
Ox  ION 

4'O'xO'IO" 

4'0"x7'4' 

ro'xu'i' 

O'O'xO'10' 

140 

30,050 

00.400 

Bark 

To 

Bark 

o'crxr4' 

VO’ XT' 10* 

n'o*xr4* 
fi'u'xrio' 
r/rj'xR'4' 
li'O'xS'lOf 
7'0'x7'  1' 

33.: 

30.4 

39.6 

42.6 

40.1 
4K.4 

47.2 

00 

14,730 

20,850 

Single 

1 '0^x6' 1 O' 
4'«'x7'l" 

14.2 

15.3 
14.1 

15.4 
10.0 

17.7 

19.8 

10  x 8 

7x7A 
.'•Hx7l 
Ox  ION 

• It  XI,  1 

o'lrxe'io* 

O'0'x7'4' 

o'«rx7,io' 

r.'o'xrt* 

150 

40,900 

57,900 

Back 

To 

Back 

G'O',7'4' 

6'O'xT'IO' 

fi'ir-iSM' 

li'Lt'xS'lU' 

7'0'x7'4" 

7'0'x7'10' 

7'irxS'4' 

89  6 

42.0 

45.4 

48.4 
47.2 
908 

54.4 

100 

13,200 

20.700 

Single 

0'0Tx7'4' 

0'0*x7'l0* 

0'0'x7'4’ 

<t'0'x7’10' 

o'orxS'4' 

«'<rxs'io* 

7'0'x7'1' 

7'U'xT'MJ' 

10.0 
177 
19  8 
21.3 
22.7 
24.2 
23.0 
254 

12  x8 

7x7A 
0*ai8l 
Ox  ION 
fix  ION 

100 

46,450 

65.700 

Back 

To 

Rack 

ft'O'xS'4' 

tt'O'xS'lU' 

7'irx7'4* 

7'O'xT'IO' 

7'0"x8'4' 

7’rt*  xH'1,1* 

7'irx1»'4' 

ro'xo'io’ 

45.4 

48.4 
47.2 
50.8 
54  4 
58.0 

ei.fl 

65  0 

1IO 

22,000 

31,100 

Single 

r,'<rx7'to' 

fiWxS'4' 

i.'irxs'iir 

70'xr4* 

7'(rx7'ur 

7'0'xKM' 

rit-xR’iir 

r’lrxo’t' 

21.3 
22.7 
24.2 
23.6 

25.4 
27  2 
29.0 
80  7 

15  x 8 

HxSA 
7»»\9! 
5x1  ON 
Ox  ION 

Kfisinr 


10  * 8 SxHA 
| 7xl2N 


10x8  I SxSA 

! 7xl2N  ‘ 


10x10  IOxSA 
7xl2N 


18x12  SvlOA 


Sxl2\ 


18x12 


HxlOA 

9xUN 


,i 


• • 


V * 


4 « 


Niagara  Conoidal  Fans 

With  Proper  Combinations  of  Heaters  and  Engines  for  Public  Buildings 
and  Industrial  Installations 


i 

c 

Cubic  Fret  of 
Air  per  Minute 

Buffalo  Standard  Heater 

Engine 

8Sm 

Fan  Number 

Cubic  Feet  <»f 
Air  per  Minute 

Buffalo  Stanilartl 

Heater 

Engine 

Siae 

5 

y. 

s 

A 

•St 

1 y 
i.fc 

V t, 

•55  £ 

Is 

n 

< 

Sire 

*h  e v 

a.  = 2 

r 

A 

ft* 

if 

=g. 

i I 

CO  g 

i*e* 

-S* 

CD  g 

i 

H' 

< 

r Sin? 

|el 

ir* 

O 

e 

k f 

"I 

i] 

4 

i.  Mi:. 

6.920 

Single 

3'0*x3'lir 

52 

10 

30,550 

43,250 

Back 

To 

4'64(VI0* 

4'6'x7'4r 

28.4 

:«m; 

16x8 

SxSA 

7)7x91 

6X10N 

4.4 

6,195 

8.750 

Single 

3'(rx4'4' 

:i'o'x4’IO' 

3'0"x.V4' 

! 6.0 
6.8 
76 

4x4  A 
3x341 

Back 

.'/crxr/io* 
.VO*x7'4p 
5 (»  X t \\Jr 

exrxrr 

li’u'xT'IO' 

30.8 

933 

35.4 

39.6 

42.6 

5 

7.645 

10,820 

Single 

3'0*xS'4' 

.I'O'x.VlW' 

4'll'x5'4' 

7.0 

84 

9.7 

5x5 

5x5A 

4x341 

11 

37,000 

52.300 

Rack 

To 

Buck 

yo'xno' 

6'0'x7'4' 

6'0*x7'lo* 

6'0'xS'l' 

6'O'xS'IO' 

7'o'x7'4' 

7'))* \7'lu' 

35.4 

39.6 

42.6 

16x8 

SxSA 
7 1 7 \)  * 1 
SxiON 

5.4 

9.2.V) 

i 13,100 

Single 

3'6'x.vnr 

4'rrx5'4' 

4'o'xyio* 

rtrui'4' 

8.4 
9.7 
1 10  7 
11.2 

6x6 

5x5  A 
4x341 

45.4 
18.1 

47.2 

50.5 

4'O'xll'IO' 

4'6'xO'IO' 

4'l5'x6'4' 

12.6 

12.1 

13.1 

12 

41,050 

62,900 

Back 

To 

Back 

)i'l)'x7'lu' 

bw 

6'tPxS'lO' 

T'^x?'!' 

T'O'xT'lO' 

7'0'xS'4" 

7'O'xS'IO* 

7'0'x9'4' 

42.6 

45.4 

4K.4 

16x8 

SxSA 

IOxSA 

7xl2N 

6 

11,1  XX) 

15,  .550 

Single 

4'O'xO'IO" 

4'0*x6'4' 

4'O'xll'IO" 

4'6'xO'lO" 

4'6'x0'4* 

10.7 

11.2 

12.6 

12.1 

13.1 

8x6 

OxOA 

4'jx5l 

I 

• 7.2 
50.8 
.54  4 

.58.0 

61.4 

t'6'xo'irr 

t'fi"x7'4' 

14.2 

15.3 

13 

1 51,650 

73.030 

Rack 

To 

Rack 

i Tbreo 

Side 

T'll'xT’lO' 

rirxs'4* 

59.8 

.51.1 

16x10 

SxSA 

10xs\ 

7 

I4.98JJ 

21,200  i 

t Single 

4'6'xfi'ltr 

4'fi'x7'4' 

oArxi-'io* 

5'0'xT'l' 

yurxrur 
a'lrxrr 
o'o*x7'i  <r 

14.2 

15.3 

15.4 
16.6 

17.7 

19.8 
21.3 

10x8 

OxOA 

5!,x7l 

7'0'xS'io" 

T'o'xo'r 

7'0'x9'l0' 

5'l)'x7,,T 

6')l'x7'4* 

ivo'x7'i(r 

«'0**8'4' 

6'O'xS'IO' 

7'0*x7'l' 

.58.0 

61.4 

65.0 
, 53.1 

50  4 
639 

68.1 
720 
70.8 

7xl2N 

8 

19.550 

27,650 

Single 

O'oxT'lO' 

6'0'x7'4" 

6»)"x7'lir 

6'o'xs'r 

fi'O'xS'lO' 

7'0'x7'4' 

7'<r*7'nr 

7'0*xS'4’ 

177 
19.8 
21  3 
22.7 

24.2 
23.6 
25.4 

27.2 

10x8  | 

fixfiA 

0*ax7l 

14* 

60,000 

84.900 

Bark 

To 

Back 

Thrpc 

Side 

T'O-xK'lO" 
T'O'xl.'t'  ! 
7Wx9rltr 
6V«r4* 
fi'trxnor 
n'crxs'r 
o'er  xs'io" 
nr%rv 

58.0 

61.4 

65.0 

50.4 
63,9 
•VH.I 
72.6 
70.8 

16x10 

8x10  A 
7x!  2N 

9 

24,750 

35,050 

Single 

I'.'ll'xR'l' 

1,'O'xR'lO' 

;'o*x7'i' 

"'o'x.'io' 

7'0'x8'4" 

7'0'xS'io' 

7'o'x9'l' 

7'0'xB'lO'j 

22.7 
24  2 

23.6 

25.4 
27.2 
29.0 

30.7 

32.5 

12x8 

6x6A 

6.4x81 

7'o47'IO* 

7'irxs'4* 

76.2 

81.6 

• 1 

10 

30, .550 

13,250 

Single 

r'n'xs'4' 

r'n'x.s'iiri 

IW4' 

rt-'xTt-r 

1 

27.2 
29.0 
;«>  7 
32.5 

15x8  i 

7x7A  1 
64^1  i 

i 

1 

I 

111 
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Fan  Number 
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' Fan  System  of  Heating,  Ventilating  and  Humidifying  -- — s 

U.  T.  U.  Transmitted  per  Hour  per  Square  Foot  of  Heating  Surface  For  Various  Differences  in  Temper- 


ature Between  Inside  and  Outside  Air 


Windows,  Single  Glass,  Full  Sash  Area. 

Double  Full  Glass,  Sash  Area. 

Plate  Glass,  Full  Sash  Area 
Skylit'. hi.  Single  Glass,  Full  Sasli  Area 
Double  Glass,  Full  Sjtsh  Area. 

Doors  ) 1 * Thick 

or  Pine  1 I4*  “ 

Partitions  ) 2*  “ 

Brick  Wall,  Plain,  8M*  Thick. 

13*  “ 

1714'  " 

22*  “ 

2614'  “ 

H"  Plaster  on  one  skle,  814’  Thick. 

13' 

1714'  “ 

22* 

2614*  “ . 

2.4*  Air  Space,  Ji'  Plaster  on  one  side,  814'  Thick. 

1214'  " 


Furred  and  ?*'  Plaster  4*  Thick 

814'  “ 

13* 

1714*  “ 

22'  “ 

Frame  Wall.  Clapboard,  Stiul  ard  Plaster.  5*  Tliick 
Clapboard,  Paper,  Stud  and  Plaster  “ 
Clapboard,  Sheathing,  Stud  and  Plaster. 
Clapboard,  Pa|>cr,  Sheathing,  Stud  anti  Phister. 
Concrete,  Solid,  2*  Thick. 

3*  “ 

4*  “ 

6*  “ 

Partition,  Hollow  Tile  >4*  Plaster  both  skies  2*  Thiel 


Tern p«f n lure  Difference 


2*  Tliiek 
4*  “ 

6*  “ 


Stud,  Lath  and  Plaster  on  one  side.  • a 0.60  30,0  36.0  42.0  48.0  61.0  .VI 

Lath  and  Plaster  on  both  skies.  a 0.34  | 17.0  20.4  23.8  27.2  2S.lt  30 

Solid  Phister  2*  Thick  b'  0.60  30.0  36.0  42.0  48.0  51.0  54 

3*  “ h 0.50  25.0  .30.0  35.0  40.0  42.5  45 

Floor,  Single  Ji*  no  Plaster  beneath  Joists.  a 0.45  22.5  27.0  31.5  36.0  38.3  40 

Lath  at'.d  Plaster  beneath  Joists  a 0.26  13.0  15.6  18.2  20.8  22.1  23 

Double  1 >4*  no  Plaster  beneath  Joists.  a 0,31  I 15.5  18.6  21.7  24.8  26.4  I 27 

Lath  and  Plaster  beneath  Joists.  a 0.18  9.0  10.8  12.6  14.4  15.3  16 

Single  on  Brick  Arch.  I.  0 If,  7.5  9.0  10.5  12.0  12.8  13 

Fireproof  construction.  b 0.10  5.0  6,0  7,0  8,0  8.5  9 

Concrete  on  Brick  Arch.  I*  0.20  10.0  12.0  14.0  16.0  17.0  18 

Laid  on  Ground 

Cement  or  Tile  laid  on  ground  no  Wood  above.  a 0.31  15.5  18.6  21.7  24.8  26.4  27 

“ “ “ “ “ “ Wood  Floor  above  a 0.10  5.0  6.0  7.0  8.0  8.5  9 

Dirt,  no  Floor  whatever  a 0.20  10.0  12.0  14.0  16.0  17.0  IS 

Roof.  Tile  1*  Thick  a 0.80  40  0 48  .0  56.0  64  0 68.0  72 

Hollow  Tile,  6*  thick,  ConcreteS*  thick,  tar  and  gravel  a 0.35  17.5  21.0  24.5  28.0  29.8  31 

Slate,  on  1*  Planks.  a 0.43  21.5  25.8  30.1  34.4  36.6  38 

“ on  Wooden  Framing.  a 0.85  42.5  51.0  59.5  68.0  72.3  76 

Tar,  Paper  and  Gravel  on  2*  Planks.  a 0.26  13.0  15.6  18.2  20,8  22.1  23 

' Sheet  Iron.  a 1.20  60.0  72.0  84.0  96.0  102.0  108 

Corrugated  Iron.  a 1.50  75.0  90.0  105.0  120.0  127.5  135 

Concrete  with  Cinder  Fill.  2r  Thick.  a 0.80  10.0  48.0  56.0  64.0  08.0  72 

4*  “ a 0.60  30  0 36.0  42.0  48.0  51.0  54 

6*  “ a 0.54  27.0  32.4  37.8  43.2  45  9 48 

AsIrestosShinglcs  on  1’  Tongue  and  Groove  Boards,  e 0.30  15.0  18.0  21.0  24.0  25.5  27 

Ajax  Built  up  Roofing,  3 plv,  on  4'  Concrete  with  two  lavers  c|  0,508  25.4  30.6  35.6  40.6  43.2  45 

“ “ “ “ of  Double  Neptune  Felt.  ' e1  0 303  15.2  18.2  21.2  24.2  26.8  27 

Phoenix  Built  up  Roofing,  4 ply,  on  2*  Boards,  e 0.30  15.0  1S.0  21.0  24.0  25.5  27 

with  two  lavers. 

“*  “ “ “ of  Double  Nepiune  Felt.  e 0.21  10  5 12.6  14  7 16  8 17  9 18 

Authority: — a,  Buffalo  Form:  Company.  6,  American  Swirly  of  Healing  airi  Ventilating  Eujtinisjr*.  c,  Johna-Manviltc  Company. 


1*  1 

so* 

cm  | 

70“ 

ftp 

8S“ 

flO“ 

1.09 

54.5 

65.4 

76  3 

s7  2 

92.7 

98.1 

o 16 

23.0 

27.6 

32.2 

86  8 

39.1 

41.4 

1.00 

50.0 

60.0  j 

70.0 

80.0  i 

85  0 

90.0 

1.16  ! 

58.0 

69.6 

81.2 

92  s 

98  6 

KM  4 

0.48 

24  0 

28.8 

33.6 

38  l 

111  s 

43.2 

0.41 

20.5 

24.0 

28.7 

32  8 

:n  9 

36  9 

0.32 

16.0 

19.2 

22.4 

25  6 

27.2 

2S  s 

0 27 

13.5 

16.2 

18.9 

21.6 

23.0 

24.3 

0.37 

18.5 

22  2 

25.9 

29.6 

31.5 

33.3 

0.29 

14  5 

17.4 

20.3 

28.2 

24  7 

26.1 

0.25 

12.5 

15.0 

17.5 

20.0  ! 

21.3 

22  6 

0.22 

11.0 

13.2 

15.4 

17.6 

18.7 

19.8 

0.19 

9.6 

114 

13.3 

15.2 

16.1 

17.1 

0.36 

18.0 

21.6 

25.2 

28.8 

30.6 

32.6 

0.28 

14.0 

16.8 

19.6 

22.4 

23.8 

25.2 

o 24 

12.0 

14.4 

16.8 

19 ! 2 

20.4 

22.6 

(i  21 

10.5 

13.6 

15.7 

17.8 

18.9 

19.9 

0.18 

9.0 

10.8 

12.6 

11  1 

15  3 

10.2 

0.25 

12.5 

15.0 

17 .6 

20.0 

21 .3 

22  6 

0.21 

10.5 

12.6 

15.7 

17.8 

IS  !l 

19  9 

0.19 

9.5 

11.4 

13.3 

15.2 

16  l 

17  1 

0.16 

8.0 

9.6 

11.2 

12.8 

13.6 

14.4 

0.14 

7.0 

8.4 

9.S 

11.2 

119 

12  6 

0.28 

14.0 

16.8 

19.6 

22  4 

23  s 

25.2 

0.28 

11.5 

13.8 

16  1 

Isa 

19  6 

20.7 

0.20 

10.0 

12  0 

14.0 

16.0 

17  n 

18.0 

(l  is 

9 0 

10.8 

12  6 

14  4 

15.3 

16.2 

0.16 

8.0 

9.6  { 

11.2 

12  s 

13.6 

14.4 

0.44 

22  o 

26.4 

30.8 

85.2 

37.4 

39.0 

0.31 

15.5 

18.6 

21.7 

24.8 

26  1 

27.9 

0.28 

I I i) 

16.8 

19.6 

22  4 

23  s 

0.23 

11.5 

13.8 

16.1 

18.4 

19.6 

20.7 

0.7S 

39  0 

46.8 

54.6 

62  1 

66 

70.2 

0 71 

35.6 

42.6 

49.7 

56  8 

60  1 

03.9 

0 66 

33.0 

39  6 

46.2 

62  s 

56.1 

59.4 

0.56 

28.0 

33.6 

39.2 

44.8 

17  6 

50.4 

0 41 

20.5 

24.6 

28.7 

82.8 

34.0 

36.9 

0.33 

16.5 

19.8 

28.1 

20.4 

28.1 

29  7 

0.28 

14.0 

16.8 

19  6 

22.4 

23.8 

25.2 

0.60 

30.0 

36.0 

42.0 

IS  (1 

51  0 

54.0 

0.34 

17.0 

20.4 

23.8 

27.2 

28.9 

30.6 

0.60 

30.0 

36.0 

42.0 

48.0 

51  0 

54.0 

0.50 

25.0 

30.0 

35.0 

40.0 

42.5 

17.  0 

0.45 

22.5 

27.0 

81 .6 

36  0 

88.3 

40.5 

0.20 

13.0 

15.6 

18.2 

20. S 

22.  l 

28  l 

0.31 

• 15.5 

18.6 

21  7 

24 .8 

26  1 

27.9 

0.18 

! 9.0 

10.8 

12.6 

14.4 

16  3 

16.2 

0.15 

7.5 

9.0 

10.6 

12.0 

12.8 

13.5 

0.10 

5.0 

0.0 

7.0 

8.0 

8:6 

9 0 

0.20 

10  0 

12.0 

14.0 

16.0 

17.0 

18.0 

0.31 

15  5 

18.0 

21.7 

24.8 

26  4 

27.9 

0 10 

5.0 

6 0 

7.0 

8.0 

8.5 

9.0 

0.20 

10.0 

12.0 

14.0 

16.0 

17.0 

18.0 

0.80 

40.0 

48.0 

56.0 

61  0 

68.0 

72  9 

0.35 

17.5 

21.0 

24.5 

28  0 

29.8 

31.5 

0.43 

21 .5 

25.8 

30.1 

34.4 

30.6 

38.7 

0.85 

42.5 

51 .0 

59  5 

68  0 

72.3 

76.5 

0.26 

13.0 

15  6 

18.2 

20.8 

22  1 

23.4 

1 .20 

60.0 

72  0 

84 .0 

96 .0 

102.0 

108.0 

1 .50 

75.0 

90.0 

105.0 

120.0 

127.5 

135.0 

0.80 

40.0 

4S.0 

56.0 

64.0 

68.0 

72.0 

0 00 

30.0 

36.0 

42.0 

48.0 

51.0 

54.0 

0.54 

>7  0 

32.4 

37.8 

43  2 

45  9 

48.6 

0.30 

16.0 

18.0 

21 .0 

24.0 

25.5 

27.0 

0.508 

25.4 

30.5 

85.6 

40.6 

43.2 

15.7 

0.303 

15.2 

18.2 

21 .2 

24.2 

25.8 

27.3 

0.30 

15.0 

18.0 

21.0 

24 .0 

25.5 

27.0 

0.21 

10.5 

12.6 

14.7 

16.8 

17.9 

j 18.9 
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Properties  of  Dry  Air 


IhromHric  PrcwiHre  29.921  Indu  s 


Temperature 

Di-irrm 

Falir. 

Weight 
perCu  Ft. 
Pou 

IVr  Cent,  of 
Volume  at 
711°  F. 

R.  T.  U.  Ab- 
sorbed by  one 
Cm  F t.  Dry 
Air  per 
De*ree  F. 

Cu.  Ft.  Dry 

Air  Wanned 
One  detree 
Iter  B.  T.  U. 

Temperature 

Dtgrm 

Falir. 

Wright 
per  Cu.  Ft. 
Pound* 

IVr  Cent 
Vxiliani*'  at 
70*  F. 

B.  T.  U.  Ab-  Cm.  Ft.  Dry 
•orbed  by  Air 

One  Cm.  Ft.  Warmed 

Dry  Air  per  One  Degree 
Detree  r.  per  B.T.U. 

0 

.06636 

.8680 

.02080 

48.08 

130 

.06732 

1.1133 

.01631  61.32 

.1 

.06544 

.S772 

.02060 

48.55 

135 

.06675 

1.1230 

.01618  j 61.81 

10 

.(is- 453 

.8S67 

.02039 

49.05 

140 

.06620 

1.1320 

.01605  62.31 

i.r, 

.06363 

.8962 

.02018 

49.56 

145 

.06565 

1.1417 

.01592  62.82 

20 

.06276 

.9057 

.01998 

50.05 

150 

.06510 

1.1512 

.01578  63.37 

2*5 

.08190 

.9152 

.01977 

50.58 

160 

.06406 

1.17IK) 

.01554  64.35 

ao  . 

.08107 

.9246 

.01957 

51.10 

170 

.06304 

1.1890 

.01530  65.36 

35 

.08025 

.9340 

.01938 

51.60 

ISO 

.06205 

1.2080 

.01506  66.40 

40 

.07915 

.9434 

.01919 

52.11 

UK)  . 

.06110 

1.2270 

.01484  67.40 

45 

.07866 

.9530 

.01900 

52.64 

21  K> 

.IXilllS 

1.2455 

.01462  68.41 

50 

.07788 

.9624 

.01881 

53.17 

220 

.0.5810 

1.2833 

.01419  70.48 

55 

.07713 

.9718 

.01863 

53.68 

240 

.05673 

1.3212 

.01380  72.46 

on 

.07610 

.9811 

.01846 

54.18 

260 

.05516 

1.3590 

.01343  74.46 

65 

.07567 

.9905 

.01829 

51.68 

•280 

.05367 

1.3967 

.01308  76.46 

70 

.07495 

l.tXHKI 

.01812 

55.19 

300 

.05225 

1.4345 

.01274  78.50 

75 

.07424 

1.0095 

.01799 

55.72 

350 

.01903 

1.5288 

.01197  : 83256 

SO 

.07356 

1.0190 

.01779 

56.21 

400 

.01618 

1.6230 

.01130  | 88.50 

H5 

.072S9 

1.0283 

.01763 

56.72 

450 

.01304 

1.7177 

.01070  j 93.46 

90 

.07222 

-1.0380 

.01747 

57.25 

500 

.01138 

1.81 13 

.01018  98.24 

05 

.07157 

1.0472 

.01732 

57.74 

550 

.03932 

l.'.XKMl 

.(XI967  | 108.42 

100 

.07093 

1.0570 

.01716 

58.28 

600 

.08740 

2.1X110 

.00923  108.35 

105 

J07080 

1.0660 

.01702 

.58.76 

7<X> 

.03423 

2.19IX) 

.1X1847  1 18.07 

110 

.06968 

1.0756 

.01687 

59.28 

StX) 

.03151 

2.3785 

.00782  127.88 

115 

.IXiSMIS 

1.08.50 

.01673 

59.78 

!KK> 

.02920 

2.5670 

.00728  137.37 

120 

.06848 

1.0945 

.01659 

60.28 

1000 

.02720 

2.7560 

.00680  147.07 

125 

.06790 

1.1040 

.01645 

60.79 

1200 

.02392 

3.1335 

.00608  105.83 

Properties  of  Saturated  Steam 


Temperature 

°F. 

Approximate 

OsURC 

Pressure 

Density 

Specific  Volume 
Cubic  Fret 
Per  Pound 

Heat  of 
Liquid  B.T.U. 

Latent  II rut 
B T.  U. 

Total  Host 
B.  T.  U. 

212 

0 

0.03732 

26.79 

180.0 

970.4 

1150.4 

215 

1 

0.03945 

25.36 

183.0 

968.4 

1151.5 

219 

2 

0.04243 

23.57 

187.1 

965.9 

1152.9 

3 

0.04477 

22.34 

190.1 

963.9 

1154.0 

224 

4 

0.04640 

21.55 

192.1 

902.6 

1154.8 

227 

5 

0.04892 

20.44 

195.2 

960.7 

1 155.8 

230 

6 

0.0510 

19.39 

198.2 

958.7 

1 156.9 

232 

7 

0.0534 

18.72 

200.2 

957.4 

1157.6 

235 

8 

0.0502 

17.78 

203.2 

955.4 

1 158.7 

237 

9 

0.0582 

17.17 

205.3 

954.1 

1159.4 

239 

10 

0.(Xi02 

16.60 

207.3 

952.8 

1 160.0 

250 

15 

0.0724 

13.82 

218.5 

945.3 

1163.8 

250 

20 

0.0837 

11.95 

227.6 

939.1 

1 166.7 

267 

25 

0.0949 

10.54 

235.8 

933.5 

1160.3 

274 

30 

0.1057 

9.46 

242.9 

928.6 

1171.5 

281 

35 

0.1174 

8.51 

260.1 

923.5 

1173.6 

287 

40 

0.1283 

7.79 

256.2 

919.1 

1175.3 

298 

50 

0.1504 

6.65 

267.5 

911.0 

1 178.5 

307 

60 

0.1707 

5.86 

276.8 

904.2 

. 1181.0 

316 

70 

0.1930 

5.19 

286.1 

897.3 

1 183.8 

33? 

SO 

0.2148 

4.66 

294.3 

891.0 

1 185.4 

331 

90 

0.2353 

4.250 

301.6 

885.5 

1187.1 

338 

loo 

0.2575 

3.884 

308.9 

879.9 

1 18S.S 

344 

110 

0.2778 

3.600 

315.1 

875. 1 

1 190.2 

350 

120 

0.2992 

3.342 

321.4 

870.1 

1191.5 

356 

134 

0.3221 

3.105 

327.7 

865.2 

1 192.9 

361 

140 

0.3423 

2.622 

332.9 

861.0 

1 193.9 

CWIenml  Jroin  \lark«  ami  Daria  Strain  Tabfca. 
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Weight  per  Lineal  Foot  for  Galvanized  Iron  Pipes 

U.  8.  Standard  Gauge 


DUmcter  of 
Pipe 

| Square  F«*et  per 
Runninx  Foot 

NUMBER  OF  GAUGE 

20 

24 

22 

1 » 

16 

4 

1.13 

1.13 

1.47 

1.09 

1.97 

2 30 

3 10 

5 

1 .39 

1.39 

1.80 

2. 0S 

2 43 

3 1® 

3.82 

0 

1.03 

1 .65 

2 11 

2.47 

2.89 

3.79 

7 

1 91 

l 91 

2 4s 

2.84} 

3.34 

4 .30 

8 

2.  IS 

2.  is 

2.83 

3 27 

3.81 

6.01 

2 41 

2 II 

3.17 

3.641 

4 27 

3.61 

10 

2.70 

2.70 

3.51 

4.05 

4.72 

0.21 

11 

2.90 

2.181 

3.83 

4 14 

5 . IS 

0.8O 

12 

3.22 

3.22 

4. IS 

4.83 

5.63 

7.40 

13 

3. 48 

3.48 

4.52 

5.22 

0.014 

8.00 

9 *,7 

11 

3.74 

3.74 

4.86 

5.01 

0.01 

8.60 

111  2> 

15 

4.01 

4 .01 

5.21 

6.01 

7.01 

9.22 

10 

4.27 

4 . 27 

5.55 

n.444 

7.47 

9.82 

17 

4.33 

4.53 

3.83 

6.79 

7.92 

10.42 

12  45 

IS 

4.87 

4.S7 

0.33 

7,30 

8.5! 

11.  IS 

13 

1® 

3.14 

5.14 

6.68 

7 71 

9.00 

11.80 

14  11 

20 

ft . <0 

5.40 

7.02 

S.10 

45 

12.42 

14  85 

21 

0.39 

6.69 

7.20 

s.ifti 

9.78 

12. 85 

15  36 

22 

5.92 

5.92 

7.70 

s.ss 

10.35 

13.60 

10  25 

23 

0.18 

0.  IS 

SOI 

9.27 

hi  si 

14.40 

17.00 

24 

0.15 

0.45 

8.38 

9.67 

11.30 

11.84 

17.71 

25 

0.71 

0.71 

s.72 

10.06 

11  74 

15.41 

18.41 

20 

0.97 

0.07 

9.05 

10.45 

12.20 

10.00 

19.  15 

27 

7.33 

7.33 

9 40 

10.85 

12  67 

16.62 

19  87 

28 

7.50 

7.30 

9. 75 

11.27 

13.13 

17.26 

29 

7.7ft 

7.75 

10  07 

11.63 

13.38 

17. SI 

21 .30 

311 

8. 10 

8.10 

10  34 

12  17 

14.20 

IS.  02 

22 . 25 

31 

8.30 

8.30 

10  S7 

12.54 

14.63 

19  20 

23  IN) 

32 

8.02 

8.02 

11  20 

12.93 

15  10 

19  SI 

23.70 

33 

s.ss 

N.SS 

1 1 56 

13.34 

15  30 

20 . 42 

24.40 

34 

9.15 

9.15 

1 1 .90 

13.73 

10  00 

21.  OK 

23.18 

35 

9.41 

9 41 

12.23 

14.10 

10.48 

21.65 

25.85 

30 

9.07 

9,07 

12.57 

14.54) 

10.91 

22.22 

20.04) 

37 

9.93 

9.93 

12.91 

14.90 

17,40 

22.84 

27.30 

38 

10. 19 

in  19 

13.25 

15.29 

17  s| 

23.40 

28.00 

39 

10.40 

10,40 

13.60 

15.00 

IS. 31 

24 . 02 

28  70 

40 

10.72 

10.72 

13.95 

16.08 

18.76 

24  08 

29.50 

41 

10.98 

10.98 

11.27 

16.47 

19.20 

25 . 25 

30.20 

42 

11.24 

11.24 

14  410 

14  i 84  . 

19.61 

23.86 

:io  ®o 

43 

11. .W 

11.59 

10.00 

17  38 

20.30 

26.611 

31  .Ml 

44 

11.85 

11.85 

15.40 

17. 7S 

20.74 

27.25 

32.00 

45 

12.11 

12.11 

15.75 

IS  17 

21 .20 

27.90 

33.30 

40 

12.37 

12  37 

hi.  to 

18.00 

21 .62 

28.43 

34.  (Ml 

47 

12.03 

12  03 

10.40 

18.95 

22  10 

29.00 

34 . 70 

48 

12.90 

12.90 

10.7s 

19.35 

22  410 

29.70 

35.50 

49 

13. 15 

13. 15 

17  10 

19.72 

23.00 

30.25 

36.30 

fio 

13.41 

13.11 

17,45 

20.  12 

23  30 

30.90 

36. 9o 

31 

13.00 

13.00 

17.7ft 

20.49 

23.  IK) 

31  40 

37.00 

13.91 

13.94 

IS,  12 

'20.97 

24  40 

32.00 

38.30 

33 

14.20 

14.20 

IS  II. 

21.30 

24.90 

32.66 

39.00 

51 

14.40 

14.40 

IS  . Ml 

21.69 

25.30 

33.20 

39.70 

55 

14. Kl 

14.  SI 

19 .28 

■M  ■)*) 

25  94 

34  lO 

40.84) 

13. 0* 

15  07 

19.041 

22  01 

20.40 

34 .65 

41.40 

37 

13.33 

15.33 

19.95 

23.00 

26.80 

30  _'i 

42. 10 

38 

15.50 

15.58 

20.30 

23.37 

27.30 

35.84 

42  SO 

15. 83 

13.83 

20.65 

23.74 

27.70 

36.40 

43  50 

10. 12 

10.  12 

20.93 

24 . IS 

2S,  20 

37.00 

41.30 

02 

10.63 

10.05 

21.65 

24  97 

29.  Ill 

38.20 

45  70 

01 

17. 10 

17.10 

22.30 

25.74 

:ti)  ini 

39.00 

47.20 

lx  .00 

17.60 

22,97 

26.49 

30.911 

40.60 

48.50 

IS. 21 

18.21 

23.63 

27.31 

31.  St 

41  . Ml 

50.00 

is.  40 

18.75 

24  141 

2S.12 

32.80 

13.  Ill 

51.50 

19 . 25 

19  25 

25.02 

29  92 

33.70 

44.30 

A3. 00 

19,79 

19  79 

23.70 

29.68 

34  65 

40.00 

54.50 

llrritiitx  and  Wntiblint 

For  PUtimx-Mill  Work 

35.62 

45.77 

34.73 

l>uc(»  to  19*  Ilia.  20  tin. 

•13.75 

40.96 

A.V13 

. - -'If  t.,  29*  •.  24  <• 

" 9*  to  14 

* ••  22  *' 

30.05 

48.  hi 

50  63 

\ - :io*  to  39*  22  ** 

’*  13*  to  211*  M 20  *'  1 

37.57 

49. 40 

AS.Ot! 

••  or  to  49*  ••  20  " 

••  21*  to  30 

* M 18  M 

3S  .'hi 

50.60 

59.40 

'•  50*  to  St*  ••  is  '• 

39.39 

51.77 

BO.  77 

Above  SI*  " lit  " 

Wright  |H-r  Squntv  Foot 

1JM> 

1.39 J 

120 

1 7.-. 

230 

8.70 

V 
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Wright*  in  Lb*.  (Avoc.)  per  Running  Ft 


Fan  System  of  Heating,  Ventilating  and  Humidifying 


Fan  System  of  Heating,  Ventiiating  and  Humidifying 


Weight  of  Black  Steel  Pipes  in  Pounds  (Avor.)  per  Running  Foot 


Din. 

Pipe 

Mntrrijil 
Sij.  Ft  jM*r 
Running  Ft. 

NUMBER  OF  GAUGE 

u.  s.  s. 

No.  4t 

No.  22 

No.  20 

No.  18 

No.  10 

No.  14 

No.  U 

4 

1 13 

1.30 

1.58 

1.86 

2.43 

2.99 

3 62 

5.08 

5 

1 39 

1 00 

1.95 

2.29 

2.99 

3.68 

4.45 

6.25 

fi 

1.65 

1 90 

2.31 

2.72 

3.54 

4.36 

5.28 

7.42 

7 

1 91 

2.20 

2 67 

3.15 

4.10 

5.05 

6 11 

8 58 

8 

2 IS 

2.50 

3.05 

3 60 

4.68 

5.77 

6.97 

9 80 

9 

2 44 

2.80 

3.42 

4 .03 

5 25 

6.47 

7.80 

10.98 

10 

2.70 

3.10 

3.78 

4.45 

5.80 

7 15 

8.64 

12.15 

11 

2.96 

3 40 

4.15 

4. 88 

6.36 

7,85 

9.47 

13.31 

12 

3.22 

3 70 

4.60 

5.31 

6.91 

8.52 

10.30 

14  IS 

13 

3 48 

4.  (X) 

4.88 

5.74 

7.48 

9.21 

1 1 . 15 

15.66 

14 

3 74 

4.30 

5.23 

6.17 

8.03 

9.90 

11.97 

16  84 

15 

4.01 

4.61 

5.61 

6.61 

8,61 

10.61 

12.83 

18.03 

10 

4.27 

4.91 

5.97 

7.04 

9.16 

11.29 

13.65 

19.17 

17 

4.53 

5 21 

6.35 

7.48 

9.74 

12.00 

14.49 

20.40 

18 

4.87 

5.60 

6.81 

8.03 

10.45 

12.89 

15.55 

21.90 

19 

5.14 

5 91 

7.20 

8.48 

11.04 

13.60 

16.42 

23  10 

20 

5.40 

6.21 

7.56 

8.  (HI 

11  60 

14.30 

17.26 

24  30 

21 

5.59 

6.43 

7.83 

9 22 

12.00 

14.80 

17.87 

25.10 

22 

5 92 

6.80 

8.28 

9.75 

12.70 

16.65 

18.90 

26.60 

23 

6.18 

7 11 

8.66 

10.20 

13  29 

16  :ts 

19  80 

27.80 

24 

6.45 

7.41 
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Carrying  Capacity  of  Pipes 

This  (able  specifics  the  diameters  of  pipes  required  for  the  passage  of  stated  volumes  of  air  at  given  velocities. 
The  column,  “Cubic  feet  of  air  [ter  minute,’*  indicates  various  quantities  of  air  to  be  moved  per  minute.  The  figure* 
at  top  of  table  give  the  velocities  in  feet  per  minute  at  which  the  air  is  to  be  moved,  and  the  figures  in  the  body 
of  the  table  state  the  required  diameters  of  pipes  for  the  passage  of  the  volumes  mentioned  at  the  given  velocities. 
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Kan  System  of  Heating,  Ventilating  and  Humidifying 
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